43  k 


A f 


J 


I 


0.  3 • C.  go. 


PHILOSOPHICAL 

• • 

TRANSACTIONS, 

OF  THE 

ROY AL  SOCIETY 


OF 

t 

LONDON. 


FOR  THE  YEAR  MDCCCXIV. 


PART  I. 


LONDON, 


PRINTED  BY  W.  BULMEB  AND  CO.  CLEVELAN D-ROW,  ST.  JAMES’S  j 
AND  SOLD  BY  G.  AND  \V.  N1COL,  PALL-MALL,  BOOKSELLERS  TO  HIS  MAJESTY, 

AND  PRINTERS  TO  THE  ROYAL  SOCIETY. 


MDCCCXIV 


V 


\ 


♦ 


C Hi  1 


m 


The  Committee  appointed  by  the  Royal  Society  to  direct  the 
publication  of  the  Philosophical  Transactions,  take  this  opportunity 
to  acquaint  the  Public,  that  it  fully  appears,  as  well  from  the 
council-books  and  journals  of  the  Society,  as  from  repeated  de- 
clarations which  have  been  made  in  several  former  Transactions , 
that  the  printing  of  them  was  always,  from  time  to  time,  the 
single  act  of  the  respective  Secretaries,  till  the  Forty-seventh 
Volume:  the  Society,  as  a Body,  never  interesting  themselves 
any  further  in  their  publication,  than  by  occasionally  recom- 
mending the  revival  of  them  to  some  of  their  Secretaries,  when, 
from  the  particular  circumstances  of  their  affairs,  the  Transactions 
had  happened  for  any  length  of  time  to  be  intermitted.  And 
this  seems  principally  to  have  been  done  with  a view  to  satisfy 
the  Public,  that  their  usual  meetings  were  then  continued,  for  the 
improvement  of  knowledge,  and  benefit  of  mankind,  the  great 
ends  of  their  first  institution  by  the  Royal  Charters,  and  which 
they  have  ever  since  steadily  pursued. 

But  the  Society  being  of  late  years  greatly  enlarged,  and  their 
communications  more  numerous,  it  was  thought  advisable  that  a 
Committee  of  their  members  should  be  appointed,  to  reconsider 
the  papers  read  before  them,  and  select  out  of  them  such  as  they 
should  judge  most  proper  for  publication  in  the  future  Transac- 
tions; which  was  accordingly  done  upon  the  26th  of  March, 
1762.  And  the  grounds  of  their  choice  are,  and  will  continue  to 
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be,  the  importance  and  singularity  of  the  subjects,  or  the  advan- 
tageous manner  of  treating  them ; without  pretending  to  answer 
for  the  certainty  of  the  facts,  or  propriety  of  the  reasonings, 
contained  in  the  several  papers  so  published,  which  must  still 
rest  on  the  credit  or  judgment  of  their  respective  authors. 

It  is  likewise  necessary  on  this  occasion  to  remark,  that  it  is 
an  established  rule  of  the  Society,  to  which  they  will  always 
adhere,  never  to  give  their  opinion,  as  a Body,  upon  any  subject, 
either  of  Nature  or  Art,  that  comes  before  them.  And  therefore 
the  thanks  which  are  frequently  proposed  from  the  Chair,  to  be 
given  to  the  authors  of  such  papers  as  are  read  at  their  accus- 
tomed meetings,  or  to  the  persons  through  whose  hands  they 
receive  them,  are  to  be  considered  in  no  other  light  than  as  a 
matter  of  civility,  in  return  for  the  respect  shewn  to  the  Society 
by  those  communications.  The  like  also  is  to  be  said  with 
regard  to  the  several  projects,  inventions,  and  curiosities  of 
various  kinds,  which  are  often  exhibited  to  the  Society ; the 
authors  whereof,  or  those  who  exhibit  them,  frequently  take 
the  liberty  to  report,  and  even  to  certify  in  the  public  news- 
papers, that  they  have  met  with  the  highest  applause  and 
approbation.  And  therefore  it  is  hoped,  that  no  regard  will 
hereafter  be  paid  to  such  reports  and  public  notices;  which  in 
some  instances  have  been  too  lightly  credited,  to  the  dishonour 
of  the  Society. 
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I.  A Synoptic  Scale  of  Chemical  Equivalents.  By  William  Hyde 

Wollaston,  M.  D.  Sec.  R.  S. 

Read  November  4,  1813. 

W hen  the  nature  of  any  saline  compound  is  proposed  as  the 
subject  of  inquiry  to  an  analytic  chemist,  the  questions  that 
occur  for  his  consideration  are  so  varied  and  so  numerous, 
that  he  will  seldom  be  disposed  to  undertake  a series  of  original 
experiments  for  the  purpose  of  satisfying  his  inquiries,  so 
long  as  he  can  rely  upon  the  accuracy  of  those  results  that 
have  been  obtained  by  the  labour  of  others,  who  have  pre- 
ceded him  in  this  field  of  patient  investigation. 

If,  for  instance,  the  salt  under  examination  be  the  common 
blue  vitriol,  or  crystallized  sulphate  of  copper,  the  first  obvi- 
ous questions  are,  (1)  How  much  sulphuric  acid  does  it  con- 
tain ? (2)  How  much  oxide  of  copper?  (3)  How  much  water? 
He  may  not  be  satisfied  with  these  first  steps  in  the  analysis, 
but  may  desire  to  know  further  the  quantities  (4)  of  sulphur, 
(5)  of  copper,  (6)  of  oxygen,  (7)  of  hydrogen.  As  means 
o'  gaining  this  information,  he  naturally  considers  the  quart- 
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tities  of  various  reagents  that  may  be  employed  for  discover- 
ing the  quantity  of  sulphuric  acid,  (8)  how  much  barytes,  (9) 
carbonate  of  barytes,  or  (to)  nitrate  of  barytes,  would  be 
requisite  for  this  purpose;  (n)  How  much  lead  is  to  be  used 
in  the  form  of  (12)  nitrate  of  lead;  and  when  the  precipitate 
of  (13)  sulphate  of  barytes  or  (14)  sulphate  of  lead  are 
obtained,  it  will  be  necessary  that  he  should  also  know  the 
proportion  which  either  of  them  contains  of  dry  sulphuric 
acid.  He  may  also  endeavour  to  ascertain  the  same  point  by 
means  of  (15)  the  quantity  of  pure  potash,  or  ( 16 ) of  carbo- 
nate of  potash  requisite  for  the  precipitation  of  the  copper. 
He  might  also  use  (17)  zinc  or  (18)  iron  for  the  same  pur- 
pose, and  he  may  wish  to  know  the  quantities  of  (19)  sulphate 
of  zinc,  or  (20)  sulphate  of  iron  that  will  then  remain  in  the 
solution. 

These,  and  very  many  more  questions  of  the  same  kind, 
which  it  would  be  tedious  to  specify,  and  needless  to  enume- 
rate, engage  the  thoughts,  and  will  occupy  much  of  the  time 
of  every  experimental  chemist,  unless  he  can  have  recourse 
to  some  record  of  former  analyses  on  which  he  can  depend. 

The  scale,  which  I am  about  to  describe,  is  designed  to 
answer  at  one  view  all  these  questions,  with  reference  to  most 
of  the  salts  contained  in  the  table,  not  merely  expressing 
numerically  the  proportions  by  which  the  desired  answers 
may  be  calculated,  but  directly  indicating  the  actual  weights 
of  the  several  ingredients,  contained  in  any  assumed  weight 
of  the  salt  under  consideration,  and  also  the  actual  quantities 
of  several  reagents  that  may  be  used,  and  of  the  precipitates 
that  would  be  obtained  by  each. 

In  the  formation  of  this  scale,  it  is  requisite  in  the  first  place 
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to  determine  the  proportions  in  which  the  different  known 
chemical  bodies  unite  with  each  other,  and  to  express  these 
proportions  in  such  terms  that  the  same  substance  shall  always 
be  represented  by  the  same  number. 

It  is  to  Richter  that  we  are  originally  indebted  for  this 
mode  of  expression,  and  for  having  first  observed  that  law  of 
permanent  proportions  on  which  the  possibility  of  this  numerical 
representation  is  founded.  The  proportions  assigned  to  vari- 
ous salts  by  his  predecessors  Bergman,  Wenzel,  Kirwan, 
were  incompatible  with  this  mode  of  notation.  If  we  turn  to 
Bergman's  treatise  De  Analysi  Aquarum , we  find  it  stated 
that  in  sulphate  of  potash  40  of  acid  are  combined  with  52  of 
potash,  or  that  100  of  sulphuric  acid  take  130  of  potash.  In 
muriate  of  potash,  61  of  the  alkali  are  said  to  be  combined 
with  31  of  acid,  which  is  in  the  proportion  of  130  to  66.  So 
that  the  same  quantity  of  potash  that  is  saturated  by  100  sul- 
phuric acid,  requires  of  muriatic  66. 

But  if  we  make  a similar  estimate  by  means  of  lime,  since 
sulphate  of  lime  is  said  to  contain  4 6 acid  combined  with  32 
lime,  100  of  acid  would  require  69,5.  And  in  muriate  of  lime, 
since  44  of  lime  are  said  to  be  combined  with  31  of  acid,  thence 
69,-3  of  lime  would  require  49.  So  that  in  this  instance  it 
would  appear  that  the  equivalent  to  100  sulphuric  acid,  instead 
of  being  66  muriatic,  is  49  ; which,  if  true,  would  defeat  our 
attempts  to  express  the  same  body  always  by  the  same 
number. 

In  comparing  the  analyses  of  Wenzel  with  each  other,  we 
find  the  same  inconsistency.  If  we  select  sulphate  of  ammo- 
nia, and  muriate  of  ammonia,  we  obtain  67,3  as  the  equivalent 
of  muriatic  acid.  But  by  comparison  of  sulphate  of  magnesia 
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with  muriate  of  magnesia,  it  would  appear  to  be  73  instead 
of  67,3. 

In  recurring  to  the  tables  of  Kir  wan,  a similar  obstacle 
presents  itself  to  the  determination  of  the  quantity  of  muriatic 
acid,  that  is  equivalent  to  a given  weight  of  sulphuric  acid. 
When  the  comparison  is  made  by  means  of  potash,  the  result 
would  make  it  appear  that  68,3  is  the  relative  weight  of  mu- 
riatic acid.  But,  if  the  compounds  of  these  acids  with  lime  be 
employed  in  the  computation,  the  result  instead  of  68,3  gives 
only  59. 

Richter  remarked,  on  observing  this  sort  of  inconsistency, 
that  if  sulphate  of  potash  formed  according  to  the  proportions 
of  Kir  wan  were  decomposed  by  muriate  of  lime,  there  should 
be  found  a large  excess  of  alkali  in  the  solution.  But,  on  the 
contrary,  by  direct  experiment  he  found  that  neutral  salts, 
when  mixed,  remained  in  all  cases  neutral,  and  consequently, 
that  the  same  weight  of  muriatic  acid  would  in  all  cases  be 
found  equivalent  to  the  same  quantity  of  sulphuric  acid  ; and 
therefore  might  be  conveniently  expressed  in  stating  the 
composition  of  salts,  by  the  same  number.  He  estimates  this 
acid  at  712,  as  the  equivalent  to  1000  dry  sulphuric  acid,  the 
number  assumed  as  his  standard  of  comparison,  to  which  all 
other  numbers  for  acids,  alkalies,  and  earths  are  adapted. 

It  could  not  escape  the  penetration  of  M.  Berthollet,  that 
there  exist  numerous  deviations  from  this  law  of  neutraliza- 
tion, and  cases  of  prevailing  affinity  dependent  on  a redund- 
ance of  one  or  other  ingredient  in  a mixture  of  salts.  But  he 
was  not  so  happy  in  detecting  the  definite  law,  by  which  many, 
at  least,  of  these  deviations  are  governed.  It  has  since  been 
found,  that  when  a base  unites  with  a larger  portion  of  acid 
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than  is  sufficient  to  saturate  it,  the  quantity  combined  is  then 
an  exact  simple  multiple  of  the  former,  thus  exhibiting  a new 
modification  of  the  law  of  definite  proportions,  rather  than  any 
exception  to  it. 

The  first  instance  in  which  the  same  body  was  supposed  to 
unite  with  different  doses  of  another,  in  such  proportions  that 
one  of  these  doses  is  a simple  multiple  of  the  other,  was  noticed 
by  Mr.  Higgins,  who  conceived,  rather  than  actually  observed 
to  occur,  certain  successive  degrees  of  oxidation  of  azote,  and 
represented  the  series  of  its  combinations  with  oxygen  to  be 

* Azote  1 with  2 oxygen  making  nitrous  gas. 

Azote  1 with  3 oxygen  making  red  nitrous  vapour. 

Azote  1 with  4 oxygen  making  yellow  nitrous  acid. 

Azote  1 with  5 oxygen  making  white  nitric  acid. 

He  at  the  same  time  added  his  opinion,  that  such  are  the 
proportions  in  which  these  gases  unite  to  each  other  by  bulk , 
having  before  observed  one  instance  of  union  by  exactly  double 
bulk  in  the  formation  of  water  by  the  combustion  of  hydrogen 
and  oxygen,  and  expressed  his  persuasion  that  the  number  of 
particles  in  a given  bulk  of  the  different  gases  is  the  same,  and 
that  the  number  of  particles  in  the  compounds  of  azote  and 
oxygen,  are  successively  in  the  proportions  above  stated. 

But  though  Mr.  Higgins,  in  the  instance  of  the  union  of 
hydrogen  with  oxygen,  anticipated  the  law  of  bulks  observed 
by  M.  Gay  Lussac,  with  respect  to  the  union  of  gases,  and 
in  his  conception  of  union  by  ultimate  particles  clearly  pre- 
ceded Mr.  Dalton  in  his  atomic  views  of  chemical  combina- 
tion, he  appears  not-f  to  have  taken  much  pains  to  ascertain 

* A comparative  View  of  the  phlogistic  and  antiphlogistic  theories,  1789,  p,  133. 

-j-  In  straw  coloured  nitrous  acid,  the  proportion  appears  to  be  four  to  onej  but 
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the  actual  prevalence  of  that  law  of  multiple  proportions  by 
which  the  atomic  theory  is  best  supported,  and  it  is  in  fact  to 
Mr.  Dalton  that  we  are  indebted  for  the  first  correct  obser- 
vation of  such  an  instance  of  a simple  multiple  in  the  union  of 
nitrous  gas  with  oxygen.  In  his  endeavours  to  determine  the 
composition  of  the  atmosphere,  he  found  that  the  quantity  of 
oxygen  contained  in  100  measures  of  common  air  would  com- 
bine with  either  3 6 or  72  measures  of  nitrous  gas,  according 
to  certain  variations  in  the  mode  of  conducting  the  experi- 
ment.* 

Chemists  in  general,  however,  appear  to  have  been  by  no 
means  duly  impressed  with  the  importance  of  this  observation 
of  Mr.  Dalton,  till  they  were  in  possession  of  other  facts 
observed  by  Dr.  Thomson  and  myself, -f  in  a more  tangible 
form,  with  regard  to  neutral  and  superacid  or  subacid  salts, 
which  could  be  made  the  subjects  of  more  deliberate  and  less 
equivocal  experiments;  and  it  is,  perhaps,  owing  to  the  repe- 
tition and  confirmation  of  them  by  M.  Berthollet,  J that  they 
have  attracted  the  attention  of  other  chemists,  who  are  now 
ready  to  admit  that  the  term  bin  acid  correctly  expresses  the 
relation  of  many  superacid  salts  to  neutrals  consisting  of  the 
same  ingredients.  Since  that  time  the  additional  instances  in 
which  the  same  law  has  been  observed  to  prevail,  are  become 
so  numerous,  especially  with  regard  to  different  degrees  of 
oxidation,  that  we  have  the  greatest  reason  to  presume  that 

the  colourless  contains  about  five  of  dephlogisticated  to  one  of  phlogisticated  air. 
Comparative  View,  p.  84. 

* Manchester  Mem.  Vol.  V. — Nich.  Journal,  Vol.  XIIL  p.  433. 

+ Phil.  Trans.  1808,  p.  74. — Ditto,  p.  96. 

t Mem.  d’Arcueil,  Tome  II.  p.  470. 
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it  is  universal,  and  that  in  such  analyses  as  are  found  not  to 
accord  with  this  general  observation,  we  are  warranted  in 
suspecting  some  degree  of  inaccuracy  in  one  or  other  of  the 
results  compared  together. 

According  to  Mr.  Dalton's  theory,  by  which  these  facts 
are  best  explained,  chemical  union  in  the  state  of  neutraliza- 
tion takes  place  between  single  atoms  of  the  substances  com- 
bined ; and  in  cases  where  there  is  a redundance  of  either 
ingredient,  then  two  or  more  atoms  of  this  kind  are  united  to 
only  one  of  the  other. 

According  to  this  view,  when  we  estimate  the  relative 
weights  of  equivalents,  Mr.  Dalton  conceives  that  we  are 
estimating  the  aggregate  weights  of  a given  number  of  atoms, 
and  consequently  the  proportion  which  the  ultimate  single 
atoms  bear  to  each  other.  But  since  it  is  impossible  in  several 
instances,  where  only  two  combinations  of  the  same  ingre- 
dients are  known,  to  discover  which  of  the  compounds  is  to 
be  regarded  as  consisting  of  a pair  of  single  atoms,  and  since 
the  decision  of  these  questions  is  purely  theoretical,  and  by  no 
means  necessary  to  the  formation  of  a table  adapted  to  most 
practical  purposes,  I have  not  been  desirous  of  warping  my 
numbers  according  to  an  atomic  theory,  but  have  endeavoured 
to  make  practical  convenience  my  sole  guide,  and  have  consi- 
dered the  doctrine  of  simple  multiples,  on  which  that  of  atoms 
is  founded,  merely  as  a valuable  assistant  in  determining,  by 
simple  division,  the  amount  of  those  quantities  that  are  liable 
to  such  definite  deviations  from  the  original  law  of  Richter. 

Having  some  time  since  computed  for  private  use  a series 
of  supposed  atoms,  I had  assumed  oxygen  as  the  decimal 
unit  of  my  scale,  in  order  to  facilitate  the  estimation  of  those 
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numerous  combinations  which  it  forms  with  other  bodies.  But, 
though  in  the  present  table  of  Equivalents,  I have  retained  the 
same  unit,  and  have  taken  care  to  make  oxygen  equally  pro- 
minent for  the  same  reason  as  before,  as  well  as  on  account 
of  the  important  part  it  performs  in  determining  the  affinities 
of  bodies  by  the  different  proportions  in  which  it  is  united  to 
them  ; nevertheless  the  real  measure,  by  which  most  bodies 
are  compared  to  each  other,  in  any  experiments  that  I have 
made,  and  to  which  I have,  in  fact,  endeavoured  to  find  equi- 
valents, is  a determinate  quantity  of  carbonate  of  lime.  This 
is  a compound,  that  may  be  regarded  as  most  distinctly  neu- 
tral. It  is  most  easy  to  obtain  in  a state  of  uniform  purity ; 
most  easy  to  analyse  (as  a binary  compound) ; it  is  a most 
convenient  measure  for  the  powers  of  acids,  and  affords  the 
most  distinct  expression  for  the  comparative  neutralizing 
powers  of  alkalies. 

The  first  question,  consequently,  to  be  resolved  is,  by  what 
number  are  we  to  express  the  relative  weight  of  carbonic  acid, 
if  oxygen  be  fixed  at  10.  It  seems  to  be  very  well  ascer- 
tained, that  a given  quantity  of  oxygen  yields  exactly  an  equal 
measure  of  carbonic  acid  by  union  with  carbon ; and  since  the 
specific  gravities  of  these  gases  are  as  10  to  13,77,*  or  as  20 
to  27,34,  the  weight  of  carbon  may  be  justly  represented  by 
7,54,  which,  in  this  instance,  is  combined  with  2 of  oxygen 
forming  the  deutoxide,  and  carbonic  oxide  being  the  protoxide 
will  be  duly  represented  by  17,34. 

Carbonic  acid  having  consequently  been  assumed  as  27,34, 
it  follows  froth  the  analysis  of  carbonate  of  lime,  which  by  heat 
loses  43,7  per  cent,  of  acid,  and  leaves  36,3  of  base,  that  they 

# Biot  and  Arago  1,1036  : 15196  : : 10  : 13,77. 
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are  combined  in  the  proportion  of  27,54  t0  35>4^>  anc*  conse- 
quently that  lime  must  be  represented  by  35, 46,  and  carbonate 

of  lime  by  6 3. 

If  I would  proceed  in  the  series  for  the  purpose  of  estimat- 
ing the  reliance  to  be  placed  on  preceding  analyses,  I might 
dissolve  63  of  carbonate  of  lime  in  muriatic  acid,  and  by  eva- 
porating to  perfect  dryness  should  obtain  about  69.5b  mu- 
riate of  lime,  and  by  deducting  the  weight  of  the  lime  35,4^ 
should  learn,  by  means  of  the  difference  34,1,  what  is  to  be 
considered  as  dry  muriatic  acid. 

But  since  lime  is  now  known,  by  the  brilliant  discoveries  of 
Sir  H.  Davy,  to  be  a metallic  body  united  with  oxygen,  this 
salt  may  also  be  viewed  as  a binary  compound  in  a different 
light  as  oxymuriate  of  calcium;  in  which  case  we  must  trans- 
fer the  weight  of  10  oxygen  to  the  muriatic  acid,  making  44,1 
of  oxy muriatic  acid  combined  with  25,46  calcium.  Or,  lastly, 
if  with  the  same  distinguished  chemist,  we  regard  it  as  chlorid 
of  calcium,  its  place  in  the  scale  of  equivalents  is  the  same 
69.56,  and  the  portion  of  matter  here  added  to  the  calcium, 
whether  it  retain  its  late  name  of  oxymuriatic  acid,  or  revert 
to  its  original  one  of  dephlogisticated  marine  acid,  or  assume 
its  new  one  of  chlorine,  will  be  rightly  represented  by  44,1, 
which  expresses  a bare  fact  without  reference  to  any  theory, 
and  affords  the  means  of  estimating  the  proportion  of  this 
constituent  in  all  muriatic  compounds,  without  need  of  con- 
troversy respecting  its  simple  or  compound  nature,  which  may 

* In  Dr.  Marcet’s  experiments  on  the  composition  of  muriate  of  lime,  referred 
to  in  his  Analysis  of  the  Water  of  the  Dead  Sea, 

50,77  carbonate  gave  56,1  of  muriate  of  lime, 
and  50,77  : 56,1  : : 63  : 69,6. 
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never  admit  of  any  argument  that  will  be  deemed  conclusive 
by  all  parties. 

With  the  same  latitude  of  interpretation  may  be  understood 
muriate  of  potash  or  of  soda  in  the  scale  of  equivalents  ; and 
the  relative  weights  of  mere  potash  or  soda  may,  perhaps,  be 
determined  better  by  means  of  these  compounds  than  by  any 
other,  because  they  are  not  liable  to  be  superacid,  and  are  not 
decbmposed  by  heat. 

If  to  a quantity  of  muriatic  acid,  which,  by  previous  trial,  I 
know  would  dissolve  100  carbonate  of  lime,  I add  100  grains 
of  crystallized  carbonate  of  potash,  and  after  the  addition  find 
that  it  will  dissolve  only  49,8  of  carbonate  of  lime ; I hence 
infer  that  100  of  this  carbonate  is  equivalent  to  50,2  carbo- 
nate of  lime,  and  consequently  that  125.5  is  the  equivalent  to 
6 3 in  the  table. 

Next,  if  I combine  125.5  of  crystallized  carbonate  of  potash 
with  an  excess  of  muriatic  acid,  and  evaporate  to  dryness,  I 
expel  the  whole  of  the  water  with  all  redundant  acid,  and 
I find  93,2  of  neutral  salt;  and  whether  I call  it  muriate  of 
potash,  or  chlorid  of  potassium,  or  by  any  other  name,  with 
any  other  views,  I may  deduct  34,1  as  dry  muriatic  acid, 
(whether  real  or  imaginary *)  and  infer  the  equivalent  for  pot- 
ash to  be  59,1,  even  though  there  should,  in  fact,  be  only  49,1 
of  potassium  present,  requiring  io-f  of  oxygen  to  convert  it 
into  potash. 

* Its  separate  existence  is  certainly  imaginary,  for  it  can  no  more  be  obtained  un- 
combined than  dry  sulphuric  acid,  or  dry  nitric  acid. 

•f-  If  all  the  steps  in  the  series,  by  which  the  number  49,1  is  inferred,  be  correct, 
this  should  be  exactly  10,00  without  any  fraction ; and  the  proportion  assigned  to 
muriate  of  potash  by  Berzelius  is  sufficiently  near,  to  shew  that  there  can  be  no' 
considerable  error.  83,02  : 16,98  : : 49,1  : 10,04. 
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The  next  question  that  occurs  relates  to  the  composition 
of  this  crystallized  carbonate  of  potash,  which  I am  induced 
to  call  bi-carbonate  of  potash,  for  the  purpose  of  marking 
more  decidedly  the  distinction  between  this  salt  and  that 
which  is  commonly  called  a subcarbonate,*  and  in  order  to 
refer  at  once  to  the  double  dose  of  carbonic  acid  contained  in 
it.  With  reference  to  carbonate  of  lime  also,  I must  neces- 
sarily consider  it  as  a supercarbonate,  for  if  I add  a solution 
of  this  salt  to  a neutral  solution  of  muriate  of  lime,  a consi- 
derable effervescence  takes  place,  from  a redundance  of  car- 
bonic acid  beyond  what  is  necessary  to  saturate  the  lime.  If 
I saturate  125,5  of  this  salt  with  nitric  acid,  taking  due  pre- 
cautions not  to  expel  any  of  the  fluid  along  with  the  gas  which 
escapes,  it  loses  about  55  of  carbonic  acid,  which  is  the  double 
of  27,5.  But  if,  previous  to  the  saturation,  I heat  the  salt 
moderately  red,  it  loses  38,8,  consisting  of  27,5  carbonic  acid 
and  11,3  water,  after  which  the  addition  of  an  acid  expels  only 
27,5,  or  a single  dose  of  carbonic  acid.-f 

I have  in  this  experiment  made  use  of  nitric  acid,  in  order 
that  the  resulting  compound  might  guide  me  in  the  selection 
from  among  former  estimates  which  are  extremely  discord- 
ant with  regard  to  the  equivalent  of  that  acid.  The  proportion 
of  nitrate  of  potash,  which  I have  obtained  by  evaporating 
such  a solution  by  a heat  just  sufficient  to  fuse  the  residuum, 
gave  at  the  lowest  in  three  experiments  1 26’,  for  the  equiva- 
lent of  nitrate  of  potash;  from  which,  if  we  deduct  59,1  potash, 

* I avoid  using  the  term  carbonate  of  potash  for  either  of  these  salts,  because  it 

has  been  applied  to  both,  and  consequently  is  liable  to  be  misunderstood  when  stand* 
Ing  alone. 

f Phil.  Trans.  1808,  p.  97. 
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there  will  remain  66, g as  the  apparent  equivalent  of  dry 
nitric  acid.  Consequently,  I have  no  hesitation  in  preferring 
the  estimate  * to  be  obtained  from  Richter's  analvsis  of 
nitrate  of  potash,  which  gives  67,45,  from  which  if  we  subtract 
one  portion  of  azote  17,54,  there  remain  49,91,  so  nearly  5 
portions  of  oxygen,  that  I consider  the  truth  to  be  17,54  + 50,. 
or  67,54. 

From  this  sketch  of  the  mode  in  which  such  an  inquiry  may 
be  pursued,  wherever  it  is  necessary  to  make  any  original 
experiments,  it  will  be  fully  understood  what  is  meant  by 
equivalents,  and  in  what  manner  the  series  might  be  conti- 
nued. I have,  however,  in  most  instances  drawn  my  infer- 
ences from  former  analyses,  and  indeed  in  all,  where  I could 
find  coincidences  between  different  authorities  sufficient  to  give 
confidence  in  their  results. 

But  with  respect  to  oxalic  acid,  I again  found  a difficulty  in 
deciding  among  the  discordant  results  of  different  analyses, 
and  was  obliged  to  have  recourse  to  direct  experiment. 

100  grains  of  bin-oxalate  of  potash  (commonly  called  salt 
of  sorrel)  were  subjected  to  a degree  of  heat  sufficient  to  de- 
stroy the  oxalic  acid,  and  to  convert  the  salt  into  a subcarbo- 
nate of  potash.  A quantity  of  muriatic  acid  was  then  poured 
on  this  residuum,  and  afterwards  saturated  with  carbonate  of 
lime;  and  an  equal  quantity  of  the  same  acid  was  saturated 
with  carbonate  of  lime  alone.  By  the  excess  of  carbonate 
dissolved  in  the  latter  instance,  it  was  found  that  100  bin-oxa- 
late was  equivalent  to  40,9  carbonate  of  lime ; and  hence  the 
equivalent  to  63  carbonate  of  lime  will  be  154  of  the  bin- 
oxalate  of  potash.  After  deducting  59,1  potash,  the  remainder 

* 46,7  : 53,3  : : 59,1  : 67,45  quoted  in  Mem.  d’Arcueil,  II.  59. 
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94,9  divided  by  2,  gives  47,45  for  the  equivalent  of  dry  oxalic 
acid.  I therefore  again  adopt  the  result  of  the  very  indus- 
trious and  ever  accurate  Berzelius,  obtained  by  means  of 
oxalate  of  lead,  that  2 96,6*  litharge  are  combined  with  100 
oxalic  acid,  which  are  in  the  proportion  of  139,5  litharge  to 
47,0  oxalic  acid.  Such  a degree  of  accordance  between  me- 
thods totally  different  appears  highly  satisfactory,  and  seems 
to  shew  that  in  attempts  to  determine  the  same  point  by  means 
of  lime,  some  compounds  may  possibly  be  formed  at  the  same 
time  differing  in  the  proportions  of  acid  and  base,  as  in  the 
cases  of  oxalate  and  bin-oxalate  of  strontia,  observed  by  Dr. 
Thomson,  and  that  erroneous  inferences  may  have  been  drawn 
from  precipitates  in  which  they  are  blended. 

With  the  exception  of  those  instances  that  I have  enume- 
rated, there  are  few  in  which  I have  found  it  necessary  to 
make  any  new  experiments,  as  I have  met  with  coincidences 
between  the  independent  results  of  others  sufficient  to  satisfy 
me  of  their  correctness  ; and  accordingly  I have  adopted  such 
determinations  without  any  pretensions  to  improve  upon  them 
by  new  experiments  of  my  own. 

It  is  not  my  design  in  the  table  which  follows  this  paper,  to 
attempt  a complete  enumeration  of  all  those  elements  or  com- 
pounds which  I suppose  to  be  well  ascertained,  but  merely 
to  include  some  of  those  which  most  frequently  occur.  I do 
not  offer  it  as  an  attempt  to  correct  the  estimates  that  have 
been  formed  by  others,  but  as  a method  in  which  their  results 
may  be  advantageously  applied  in  forming  an  easy  approxi- 
mation to  any  object  of  our  inquiries. 

The  means  by  which  this  is  effected  may  be  in  part  under- 
stood by  inspection  of  the  Plate  I.,  in  which  will  be  seen  the 

* Ann.  de  Chimie,  No,  243. 
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list  of  substances  intended  to  be  estimated,  arranged  on  one 
or  the  other  side  of  a scale  of  numbers  in  the  order  of  their 
relative  weights,  and  at  such  distances  from  each  other,  ac- 
cording to  their  weights,  that  the  series  of  numbers  placed  on 
a sliding  scale  can  at  pleasure  be  moved,  so  that  any  number 
expressing  the  weight  of  a compound  may  be  brought  to 
correspond  with  the  place  of  that  compound  in  the  adjacent 
column.  The  arrangement  is  then  such,  that  the  weight  of 
any  ingredient  in  its  composition,  of  any  reagent  to  be  em- 
ployed, or  precipitate  that  might  be  obtained  in  its  analysis, 
will  be  found  opposite  to  the  point  at  which  its  respective  name 
is  placed. 

In  order  to  shew  more  clearly  the  use  of  this  scale,  the 
Plate  exhibits  two  different  situations  of  the  slider,  in  one  of 
which  oxygen  is  10,  and  other  bodies  are  in  their  due  propor- 
tion to  it,  so  that  carbonic  acid  being  27,54,  and  lime  35,4b, 
carbonate  of  lime  is  placed  at  63. 

In  the  second  figure,  the  slider  is  represented  drawn  up- 
wards till  100  corresponds  to  muriate  of  soda;  and  accordingly 
the  scale  then  shews  how  much  of  each  substance  contained 
in  the  table  is  equivalent  to  100  of  common  salt.  It  shews, 
with  regard  to  the  different  views  of  the  analysis  of  this  salt, 
that  it  contains  4 b,6  dry  muriatic  acid,  and  53,4  of  soda,  or 
39,8  sodium,  and  13,6  oxygen;  or  if  viewed  as  chlorid  of 
sodium,  that  it  contains  60,2  chlorine,  and  39,8  sodium.  With 
respect  to  reagents,  it  may  be  seen  that  283  nitrate  of  lead, 
containing  191  of  litharge  employed  to  separate  the  muriatic 
acid,  would  yield  a precipitate  of  237  muriate  of  lead,  and  that 
there  would  then  remain  in  solution  nearly  146  nitrate  of  soda. 
It  may  at  the  same  time  be  seen,  that  the  acid  in  this  quantity 
of  salt  would  serve  to  make  232  corrosive  sublimate  contain- 
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ing  185,5  red  oxide  of  mercury,  or  would  make  91,5  muriate 
of  ammonia,  composed  of  6 muriatic  gas  (or  hydromuriatic 
acid)  and  29,5  ammonia.  The  scale  shews  also,  that  for  the 
purpose  of  obtaining  the  whole  of  the  acid  in  distillation  the 
quantity  of  oil  of  vitriol  required  is  nearly  84,  and  that  the 
residuum  of  this  distillation  would  be  122  dry  sulphate  of 
soda,  from  which  might  be  obtained,  by  crystallization,  277 
of  Glauber  salt  containing  155  water  of  crystallization. 
These  and  many  more  such  answers  appear  at  once  by  bare 
inspection,  as  soon  as  the  weight  of  any  substance  intended 
for  examination  is  made  by  motion  of  the  slider  correctly  to 
correspond  with  its  place  in  the  adjacent  column. 

With  respect  to  the  method  of  laying  down  the  divisions  of 
this  scale,  those  who  are  accustomed  to  the  use  of  other  slid- 
ing-rules, and  are  practically  acquainted  with  their  properties, 
will  recognise  upon  the  slider  itself  the  common  Gunter's 
line  of  numbers,  (as  it  is  termed)  and  will  be  satisfied  that 
the  results  which  it  gives  are  the  same  that  would  be  obtained 
by  arithmetical  computation. 

Those  who  are  acquainted  with  the  doctrine  of  ratios,  and 
with  the  use  of  logarithms  as  measures  of  ratios,  will  under- 
stand the  principle  on  which  this  scale  is  founded,  and  will 
not  need  to  be  told  that  all  the  divisions  are  los:ometric,  and 
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consequently  that  the  mechanical  addition  and  subtraction  of 
ratios  here  performed  by  juxta- position,  corresponds  in  effect 
to  the  multiplication  and  division  of  the  numbers  by  which 
those  ratios  are  expressed  in  common  arithmetical  notation. 

To  others  who  are  not  equally  conversant  with  the  nature 
of  logarithms,  and  consequently  have  not  so  correct  a concep- 
tion of  the  magnitudes  of  ratios,  some  further  explanation  of 
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the  mode  in  which  the  scale  of  equivalents  is  constructed,  will, 
I presume,  be  acceptable. 

They  will  observe,  that  the  series  of  natural  numbers  are 
not  placed  at  equal  intervals  on  the  scale;  but  that  at  all  equal 
intervals  are  found  numbers  which  bear  the  same  proportion 
to  each  other.  In  fig.  3,  some  of  the  larger  intervals  alone 
are  represented  on  a line  similarly  divided.  The  succession 
of  intervals,  marked  A,  B,  C,  D,  E,  are  all  equal,  and  at  these 
points  of  division  are  placed  numbers  1,2,  4,  8,  lb,  which 
increase  progressively  by  the  same  ratio.  And  since  the  series 
3 : 6 : 12  : 24  increase  in  the  same  ratio  of  1 to  2,  these  in- 
tervals a , b,  c,  d,  e , are  the  same  as  the  former.  At  another 
succession  of  different  yet  equal  intervals,  marked  F,  G,  H,  I, 
are  placed  numbers  1,  3,  9,  27,  which  increase  regularly  by 
an  equal  ratio  of  1 to  3 ; and  by  means  of  a pair  of  compasses 
it  would  be  found  that  the  interval  from  2 to  6 , or  from  6 to 
18  (which  are  in  the  same  ratio  of  1 to  3,)  is  exactly  equal 
to  FG,  the  interval  between  1 and  3.  As  any  single  space 
represents  any  one  ratio,  so  the  sum  of  any  2 or  3 equal  spaces 
represent  a double  or  triple  ratio.  If  1 be  increased  three 
times  by  the  ratio  of  1 to  2,  it  becomes  8,  which  bears  to  1 
triple  the  ratio  of  2 to  1.  This  ratio  is  therefore  rightly  repre- 
sented bv  AD,  which  is  the  triple  of  AB. 

The  distances  of  the  intermediate  numbers  5,  7,  1 o,  11,  13, 
&c.  from  1 are  likewise  made  proportional  to  the  ratios  which 
they  bear  to  1,  and  are  easily  laid  down  by  means  of  a table 
of  logarithms  ; for  as  these  are  arithmetic  measures  of  the 
ratios  which  all  numbers  bear  to  unity,  the  spaces  propor- 
tional to  them  become  linear  representations  of  the  same 
quantities. 
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As  the  entire  spaces  AD,  AE  represent  the  ratios  of  8 and 
of  16  respectively  to  1,  so  the  difference  DE  represents  the 
ratio  of  8 and  16,  which  stand  at  D and  E,  to  each  other.  And 
in  the  same  manner,  any  other  space  kl  represents  correctly 
the  ratio  of  7 to  13  ; so  that  the  measure  of  a fraction  ex- 
pressed by  quantities  that  are  incommensurate  is  rendered  as 
obvious  to  sight,  as  that  of  any  simple  multiple.  And  if  a pair 
of  compasses  be  opened  to  this  interval,  and  transferred  to 
any  other  part  of  the  scale,  the  points  of  the  compasses  will 
be  found  to  rest  upon  numbers  bearing  the  same  proportion 
to  each  other  as  those  from  which  the  interval  was  trans- 
ferred. 

It  is  exactly  in  this  manner,  that  the  various  points  in  the 
column  of  equivalents  indicate  the  several  quantities  sought 
in  any  given  position  of  the  slider.  The  relative  distances,  at 
which  the  articles  are  placed,  represent  so  many  different 
openings  of  the  compasses  rendered  permanent  and  presented 
to  view  at  once.  In  the  table,  which  I shall  place  at  the  end 
of  this  communication,  the  relation  of  the  various  substances 
enumerated  to  each  other  is  expressed  by  numbers.  In  the 
engraved  scale  of  equivalents,  the  ratios  of  these  numbers  are 
represented  by  logometric  intervals  at  which  they  are  placed, 
their  several  positions  being  determined  by  those  of  their 
respective  numbers  on  the  slider,  which  is  logometrically 
divided.  Consequently  all  the  several  points  in  the  column  of 
equivalents  will  indicate  numbers  in  the  same  due  proportions 
to  each  other,  whatever  part  of  the  scale  may  be  presented  to 
them.  Those  who  seek  information  may  obtain  it  by  inspec- 
tion; those  who  already  possess  it,  may  be  able  to  correct  the 
positions  of  some  articles  by  direct  comparison  with  the  best 
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analyses  upon  record,  in  whatever  numbers  the  results  of  those 
analyses  may  happen  to  be  expressed. 

I hope,  that  without  trespassing  too  much  on  the  time  of 
the  Society,  I shall  have  rendered  the  principle  and  practical 
use  of  this  scale  intelligible.  I trust,  that  it  will  prove  useful 
as  an  assistant  to  chemists  in  general.  It  will  at  least  serve 
for  a specimen  of  the  extreme  facility  of  mechanical  approxi- 
mation, which  may  very  frequently  be  advantageously  sub- 
stituted for  computations,  that  are  often  more  laborious  than 
the  accuracy  of  our  data  warrants ; and  if  it  tend  to  introduce 
into  more  general  use,  that  valuable  instrument  the  common 
sliding-rule,  it  will  be  the  means  of  saving  no  inconsiderable 
portion  of  time  to  those  who  are  engaged  in  scientific  pur- 
suits. 


Numerical  Table  of  Equivalents. 


Hydrogen 

Oxygen 

Water  - 

Carbon 

Sulphur  - 

Phosphorus 

Azote 

Muriatic  Acid  (dry) 

Chlorine 

Oxalic  acid  - 

Ammonia 

Soda 

Potash 

Magnesia 

Lime 

Strontia 

Barytes 

Iron 


(tf) 

(o) 


(a)  1,32 

■ 10,00 

11,32 

(*)  7>54 

(/)  20,00 
17,40 
1 7>54 
(0  34>» 
444 
(Z>)  47>° 
{p)  21,5 

(0  39*1 

(m)  59,1 
(h)  24,6 

(0  35>46 

(k)  69, 

(0  97> 
(0  34>5 


-f  20  Oxygen  — 27,54  Carbonic  acid. 

4-  30  Oxyg.  zz  50  Sulphuric  acid. 

-f  20  Oxyg.  zz  37,4  Phosphoric  acid. 

4-  50  Oxyg.  — 67,54  Nitric  acid  (q). 

4-  10  Oxyg.  zz  44,1  Oxymuriatic  acid, 

rz  Oxymur.  acid  4-  1,32  Hydrog.  zz  45,42  Muriatic  gas. 


10  Oxyg. 
10  Oxyg. 


zz  29,1  Sodium, 

zz  49,1  Potassium. 


— 10  Oxyg.  zz  25,46  Calcium. 


4-  10 
+ IS 


Oxyg.  zz  44,5  Green  Oxid  of  Iron. 

Oxyg.  zz  49,5  Red  Oxid. 
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Copper 

(0 

40, 

4-  10 

Oxyg.  — 50,  Black  Oxid  of  Copper. 

Zinc 

(0 

4-  10 

Oxyg.  rr  51,  Oxid  of  Zinc. 

Mercury 

( V ) 

125,5 

4 10 

Oxyg.  —135,5  Red  Oxid  Mercury. 

4 125,5  5 =:  261  Protoxid  g . 

Lead 

(d) 

129,; 

4 to 

Oxyg.  — 139,5  Litharge. 

Silver 

(«) 

135, 

4 10 

Oxyg.  r=  145,  Oxid  Silver  in  Muriate. 

Subcarb.  of  Ammonia 

49,0 

+ 27,5 

C.  acid  — 76,5  Bi-Carb.  of  Ammonia. 

Subcarb.  of  Soda 

- 

66,6 

+ 27,5 

C.  acid  4 11,3  Water  — 105,5  Bi-Carb.  of  Soda. 

Subcarb.  of  Potash 

- 

86, 

+ 27,5 

C.  acid  4 11,3  Water  125,5  Bi-Carb.  of  Potash 

Carbonate  of  Lime 

63 

■ — ~ — Barytes  - 

124,5 

Lead 

- 

167, 

Sulphuric  acid  (dry) 

5°, 

4 1 Water  11,3  — 61,3  Oil  of  Vitriol  (sp.  gr.  1,85). 

Sulphate  of  Soda 

- 

89,1 

4 10  Water  113,2  — 202,3  Glauber  Salt. 

• Potash 

- 

109,1 

-Magnesia  («)  74,6 


-Lime 

-Strontia 

-Barytes 

-Copper 

-Iron 

-Zinc  - 

-Lead 


s5>5 

■ 119,0 

147,0 
156,6 
173.8 
- 180,2 

18  9*5 


4-  7 Water  79,3 
4-  2 Water  22,64 


153,9  Epsom  Salt. 
108,1  Selenite. 


— 1 Acid  -f-  1 Oxid.  4-  (")  5 Water  5 6,6. 

— 1 Acid  4-  1 Oxid.  4-  7 Water  79,3. 

— 1 Acid  -f  1 Oxid.  4-  7 Water  79,3. 


Nitric  acid  (dry)  (<7)  67,54  + 2 Water  22,64  = 90,2  Liquid  Nitric  acid  (sp,  gr. 

iM  AT  t X 


Nitrate  of  Soda 

106,6 

- — Potash 

1 2 6,6 

- ' ■ ' Lime 

103,0 

■ Barytes 

*64,5 

Lead 

207,0 

Muriate  of  Ammonia 

- 66,9 

Soda  • 

73,2 

Potash 

93,2 

Lime 

69,6 

Barytes 

131,0 

— - Lead  «. 

173,6 

Silver 

»79> 1 

Corrosive  Sublimate  - 

1 7°,  1 

Calomel 

296,1 

Phosphate  of  Lead 

176,9 

Oxalate  of  Lead 

186,5 

Bin-Ox3latc  of  Potash 

lS3>° 

r=  1 Acid  -f  1 Amm.  4-  1 Water. 

4-  60  Oxygen  = 153,2  Hyper-Oxymuriato  of  Potash. 
4-  2 Water  22,6  (w)  153,6  Crystallized  Mur.  Barytes. 


~ 1 Acid  1 Oxyg.  4-  1 Mercury. 
==  1 Acid  4 1 Oxyg.  4-  2 Mercury. 


=r  2 Acid  4-  1 Potash 

D 2 
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Composition  of  Water  (i)  88,286 


Specific  Gravities  - (2)  1,1036 
Carbonate  of  Lime  (3)  43,7 
Carbonate  of  Lead  (4.)  16,5 


Data  on  which  the  Table  is  founded. 

10,00 


7> 1 5 


Litharge  - - (5) 

Muriate  of  Lime  from  -> 
Carbonate  of  Lime  (6)  J ^0,77 


Muriate  of  Lead  - 
Sulphate  of  Lead 

Galena 

Ditto 

Phosphate  of  Lead 


(7)  4°9>47 

(8)  279 

(9)  86,64 

(10)  85,1 

(n)  380,56 


Phosphoric  acid  - (12)  53,28 

Oxalate  of  Lead  - (13)296,6 

Carbonate  of  Barytes  (14)100 
Sulphate  of  Barytes  (15)  34 
Sulphate  of  Strontia  (16)  42 
Common  Salt  - (17)  134 


Ditto  - 
Subcarbonate  of  Sc 
Muriate  of  Potash 


(20)  100 


Muriate  of  Potash  from  a 

y 1 2 

Potassium  (21 ) J 0 

(i)  Biot  and  Arago  (2)  Ditto 
(6)  Marcet  (7)  Berzelius 

(11)  Berzelius  (12)  Rose 

(16)  Ditto  (17)  Davy 


; 1 1,7 14: -.Oxygen 

10  : 

1,327 

11,327 

: 1,5196 

; 2 Oxygen 

20 

27,54 

: 56,3 

:;Carb.  acid 

27*54  : 

35*46 

: 83,5 

; -.Garb.  acid 

27,54  : 

*39*5 

10 

1 29*5  I 

: 92,85 

: : Oxygen 

10  : 

129,7  J 

: 56, 1 

:;Carb.  Lime 

63  : 

69,6 

Lime 

35*5 

34**  1 

: 100 

! : Litharge 

1 39»5  : 

34* T J 

: 100 

: : Litharge 

*39*5  •' 

50,0 

3 Oxygen  r: 

3° 

: 13*36 

I \ Lead 

129,5  : 

20  1 

: 13 

: ; Lead 

129,5  : 

*9’8  J 

: 100 

: : Litharge 

*39-5  : 

37*4 

2 Oxygen  20 

: 46,72 

: ; Phosph.  acid  37,4  : 

*7*4 

: 100 

: ; Litharge 

1 39-5  : 

47*o 

: 352,57 

; : Carb.  acid 

27*54  : 

97  1 

: 66 

; ; Sulpb.  acid. 

50  : 

97  J 

: 58 

; ; Sulph.  acid 

50  : 

69 

: 88 

; -.Chlorine 

44*1  : 

29 

10 

10 

: 114,78 

;;Mur.  acid 

34* 1 : 

39* 1 1 

: 58,76 

:;Carb.  acid 

27*54  : 

39**  J 

: *73*47 

: ; Mur.  acid 

34*i  : 

59** 

10 

49>* 

dd  Oxymuriatic  acid  or  Chlorine 

44*  * 

: 60,8 

: ; Potassium 

49*°  : 

93*2 

Oxygen 
Hydrogen  (a) 

Water 

Carbonic  acid  (6) 
Lime  (c) 
Litharge 


Mur.  Lime 

Muriatic  acid  (<r) 
Sulphuric  acid 


Phosphoric  acid 

Phosphorus  (g) 
Oxalic  acid  (6) 

[ Barytes  (/) 

Strontia  (/c) 
Sodium  (/) 


>Soda 

Potash  (m) 

Potassium 
Mur.  Potash 


(3)  Experiment 
(8)  Berzelius 
(13)  Berzelius 
Ci  8)  Berzelius 


(4)  Berzelius 
(9)  Ditto 
(14)  Ditto 
(19)  Ditto 


(5)  Eerzelius 
(10)  Thomson 
(15)  Klaproth 
(zo)  and  (21)  Ditto 
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Sulphate  of  Magnesia  (22)  67 


Epsom  Salt  100 

(23) 

5H5 

Specific  Gravities  - 

(24) 

,07321 

Ammonia 

(25) 

1 Azote 

Subcarb.  Ammonia 

(26) 

56,02 

Bi-carb.  Ammonia 

(27) 

1 1,8 

Nitrate  of  Potash  - 

(28) 

46,7 

Nitric  acid 

(29) 

1 Azote 

Marble  dissolved 

(30) 

47  6 

Oxid  of  Iron 

(3  0 

22,5 

Sulphate  of  Iron 

(32) 

28,9 

Oxid  of  Zinc 

(33) 

24,41 

Black  Oxid  Copper 

(34) 

20 

Sulphate  of  Copper 

(35) 

32 

Muriate  Silver 

(36) 

19,05 

; 33  ::Sulph.  acid  50  I 24,6 

5° 

74,6 

: 48>5  ::7  Water  79,3  : 74*4 

: 96913  “Hydrogen  1,327  : 17,54 

3 Hydrogen  — 3 X i>327  3>98 


-f  3 Hydrogen 


: 43>98 

: : Carb.  arid 

27,54 

: 28,2 

; ; 2 Carb.  acid 

55’1 

: 53’3 

: : Potash 

59,08 

+ 5 Oxygen  17,54  +5° 

2 Water  — 2 x 1 1,32 

: 681,1 

: *.  Carb.  Lime 

63 

: 7 7>5 

: : Oxygen 

10 

: 25,7 

“Sulph.  acid 

5° 

: 100 

1 1 Oxygen 

10 

: ioo 

: : Oxygen 

10 

* 'j'j 

• 3 2 

*.  .*  Sulph.  acid 

5° 

: 80,95 

“Mur.  acid 

34’1 

=2  21,52 
: 21,6 

: 21,6 

: 67,45 

= 67,54 
— 22,64 

90,1 8 
: 90,23 

: 34H 

10 


44>5 

41 

40 

10 


: 5° 
: 145 

10 


Magnesia  («) 


Sulph.  Magnesia 
Azote  (0) 


> Ammonia  ( p ) 


j- Nitric  acid  (<?) 


K Liquid  Nitric  acid 
S.  G.  1,50 


'j  Iron  (r) 


Oxid  of  Iron 
Zinc  (s) 
Copper  (£) 


J 


Oxid  of  Copper 
Oxid  of  Silver 


Horn  Silver 

(37) 

24,5 

i 75»5 

Sulphuret  Silver  - 

(38) 

H>7 

: 100 

Red  Oxid  of  Mercury  (39) 

8 

: 100 

Ditto  - 

(4°) 

30 

• • 

u> 

CO 

0 

Corros.  Sublimate  • 

' (41) 

2 X67 

CO 

0 

* 

135  1 

1 

Chlorine 

44,1 

: 136 

i- Silver  (ti) 

Sulphur 

20 

: 136  J 

1 

Oxygen 

10 

: 125  1 

I 

Oxygen 

10 

: 126,6 

[■Mercury  (v) 

Chlorine 

44* 1 

: 125,4  -J 
10 

1 

Protoxid 

Protoxid 

-.Calomel 


(42)  1 Oxygen  4-  2 Mercury 

(43)  4 104  ••  Oxygen  10 

(44)  IJ>5  I 88,5  “Mur.  acid  34,1 


262  -j 

260  l Protoxid  $ 
262  j 


(22)  Henry 
^27)  Berthollet 
(32)  Berzelius 
(37)  I>avy 
(41)  Davy 


(23)  by  experiment  (24)  Biot  and  Arago  (25)  by  Hypothesis 

(28)  Richter  (29)  by  Hypothesis  (30)  R.  Phillips 

(.33)  Gay  Lussac  (34)  Cbenevix  (35)  Proust 

(38)  Wenzel  (39)  Fourcroy  and  Thenard. 

(42)  by  Synthesis  (43)  Fourcroy  (44)  Chenevix 


(26)  Gay  Lussac: 
(3 1 ) Thenard 
(36)  Marcet 
(40)  Davy 
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Water  contained  in  crystallized  Salts. 


Sulphate  of  Copper 
Sulphate  of  Iron 
Sulphate  of  Zinc 
Sulphate  of  Magnesia 
Glauber  Salt 
Muriate  of  Barytes  - 


(45)  IOO 

: 36>3  : 

: 156,6 

56,8  or 

5 x 11,36' 

(46)  IOO 

: 454  : 

: *73’8 

79,0  = 

7 x 11,28 

(47)  IOO 

: 44»3  : 

: 180,2 

79>s  - 

7 x 1 1,40 

(48)  IOO 

: 5J> 5 : 

: 153*9 

11 

r<-> 

C> 

7x11,33 

(49)  100 

: 56 

: 202,3 

113, 1 = 

IOX  I 1,31 

50)  IOO 

: H»8  : 

: j53>6 

22,8  “ 

2 X I 1,48^ 

)>Water  (w) 


(45)  Berzelius  (46)  Ditto  (47)  Lost  by  heat  (48)  By  heat  (49)  Berzeli 

(50)  Ditto. 

In  this  table  I have  selected  in  most  cases  double  evidence 
from  different  sources,  in  order  that  the  inferences  might  re- 
ceive  confirmation  from  their  concurrence.  Number  (29) 
may  be  noticed  as  a result  anticipated  from  preceding  data, 
and  found  to  coincide  with  remarkable  accuracy. 

In  the  distillation  of  nitric  acid  from  nitre,  the  whole  of  the 
acid  may  be  obtained,  if  we  employ  enough  of  sulphuric  acid 
to  convert  the  residuum  into  bi-sulphate  of  potash.  In  this 
case  each  portion  of  potash,  from  which  dry  nitric  acid  is 
separated,  will  displace  the  water  from  two  equivalent  quan- 
tities of  sulphuric  acid,  and  each  portion  of  nitric  acid  weigh- 
ing 67,54  will  be  found  combined  with  22,64  of  water.  Hence 
90,18  of  liquid  nitric  acid  so  obtained  should  dissolve  the 
equivalent  63  of  carbonate  of  lime.  And  in  fact,  by  an  expe- 
riment carefully  conducted  on  a large  scale  by  Mr.  Phillips,* 
it  appears  that  681^  of  such  acid  did  dissolve  476  of  marble, 
which  is  in  the  proportion  of  90,18  to  62,96,  corresponding 
with  the  estimate  within  t^oo  part,  a degree  of  coincidence 
rarely  to  be  found  even  in  the  repetition  of  the  same  experi- 
ment by  the  most  skilful  analyst. 

The  specific  gravity  of  this  acid  was  found  to  be  1,50. 

* Experimental  Examination  of  the  Pharm.  Lond.  by  R.  Phillips. 
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II.  Methods  of  clearing  Equations  of  quadratic , cubic,  quadrato - 
cubic,  and  higher  Surds.  By  William  Allman,  M.  D . Com- 
municated  by  the  Bight  Mon.  Sir  Joseph  Banks,  K.  B.  P.  R.S. 

Read  July  8,  1813. 

Several  years  have  elapsed,  since  my  very  highly  esteemed 
friend,  now  Rev.  Doctor  Mooney,  Fellow  of  Trinity  College, 
Dublin,  presented  to  the  Royal  Irish  Academy  a paper  on 
the  Extermination  of  Radicals  from  Equations.  He  has  illus- 
trated, by  sundry  examples,  the  extermination  of  quadratic 
surds.  As  he  has  rightly  observed,  the  method  is  universal. 
Any  number  of  quadratic  surds,  independent,  or  dependent,  on 
each  other,  may  be  removed  from  an  equation  ; because,  1. 
Any  quantity,  or  factor  of  a quantity,  necessarily  subjected  to 
the  radical  sign,  is  but  of  one  dimension.  2.  This  quantity  or 
factor  being  brought  to  one  side  of  the  equation,  while  the 
quantities  unaffected  with  it  remain  at  the  other,  may,  by 
squaring  both  sides,  be  freed  from  the  radical  sign.  3.  By  a 
repetition  of  these  reductions  for  each  remaining  independent 
surd  quantity,  any  number  of  surd  quantities  may  be  converted 
into  rational. 

Examples. 

I.  Let  \/ a + </b  -f-  \/c  = 0 : then 
(2;)  v/^  + Vb  = — \/c\  and,  a + b -f-  2 \/ab  = c 

( 3*0  a 4"  ^ c = — 2\/  ab ; a b — c = 4* ab ; free  from 
surds. 


2 4 Allman’s  Methods  of  clearing  Equations  of 

II.  Let  s/a  -{-  %/b  4 s/c  4 / d ~ o\  then 
( 2 ; ) a 4-  b 4 c 4 2 4 ab  2 4 ac  4 2 /bc  = d 
( 3 ; ) 4"  & 4 £ — d 4-  2 fab  = — 2y^  — Q\/bc;  squared 

gives,  # 4"  ^ 4"  ^ — d 4”  ^ab  “I”  . a b 4 c — d . 4 ab  = 4^  • 

a 4“  b 4“  24 ab 

( 4 ; ) a 4 b — c — <f  4 4flb  — 4 cd  = 4 . 6'  4 ^ ^ — b . s/ ab  ; 

squared,  results  free  from  surds. 

Note , universally:  the  last  two  surd  factors  vanish  together. 
Surds,  whose  indices  are  integral  powers  of  2,  may  be  treated 
as  quadratic  surds ; and  the  number  of  them,  which  may  be 
exterminated  from  any  equation,  is  equally  unlimited. 

Let  4\/ a 4 44^  4 *Vc  = 0 : then,  (2;)  1/ a 4 s/b  4 2 
*K/ab  = \/c 

( 30  y/a  4 s/b  — \/c  ==  — 94s/ab ; and,  a 4 b 4 c 4 2 4^6 

— 9/  ac  — 9 s/ be  — 44  ab. 

The  surds,  now  all  quadratic,  may  be  thus  exterminated: 

(4  0 ^ 4“  b 4”  c — — 2 4 &b  — — 2 4 ^ 4 2 4 ^ ^ 4 b 4”  c 4”  4 a b 

— 4 . a 4 b 4 c . s/ ab  = 44c  4 4^:  4 8c</ab. 

— ■ 2 ■ 1 -'■■■  — * - 

(5 ; ) a 46  — 6*  4 4l7^  =4*^4  b 4 3C • 4^ : put # 4 & ~ c 

= 2;z ; then  n*  4 ^ = 2/*  4 ^c\/ ab  ; and  ;z4  4 2 abn*  4 

, ■■■■■■».■■. »■-  — - ■ — ' ■■■  ' ■ 1 2 — ■ ■ 2. 

= 4 /z*  4 4 1hT  . ab  - r n'  — ab  = lbrrc  4 ^ 

. . . — * 

2.  = 8 abc  . 2 n 4 = Stffrc  . a 4 ^ 4 £ 

....  -I  ■ ■ ■ -■  I I ■■  ...  ■■■■■  -■  . . I ■ ■■  ■ I ■ ■ 2 — — — 

v a'  4“  b*  4 c'  — 2 ab  — 2 ac  — 2 be  — 128 abc  . a 4 b 4 c. 

Let  '/a  4 *4^  4 *4 c — 0 : then,  by  the  last  example, 

(5 ;)  a 4 b 4 c — 2 s/a'o  — 2 s/ac  — 24 be  = 128  . 
as/ be  4 b\/ ac  4 c/ ab. 

— * * ■ ■■  ■ ■in  — — ■■■■  1 2 

Put  a 4 b 4 c = 911 : then  n — 4 ab  — 4 ac—/bc  , or, 


TCg.  3. 


.AX 


B- 


J4 


a.  - 3 


(r 


h- 


14“ 


-6  r 


11  • 


J 9 


7 hk 


8 - 


12  - 


- 14  (- 
-15 

16 

hfi-7 

18 

19 

20 

22 

24 

427 

-(SO 


>: 


-II 


■ -1 


O 

x. . 


Chemical 


10 

11 

1-4-  12 


Oxygen 


Water 


u 


13 

14 

t+  15 

- 16 


IO  Hydrogen  — 


Phosphorus  — 

? Oxygen. 
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EQ  UTTALEETS 


Abbrevuitions 

d.  Pry 

€• . Cry.ctallixd 

He.  Oxid 
liirb.  Carbonate- 
A.  Muriate. 

| IV.  Eitrate 
S . Sulphate 
W Witter 


,1's'te 


- _ Sulphur 

--  Ammonia 
2 Water 

~ 3 Magnesia 

* “ Carbonic  arid 


Iron  ■ 

Phosphoric  and  • 
topper. 


Chlorine 
Muriatic  gas  . 
( Kca/ic  arid  . 


I~ 45 

— 5° 

■ 53 
. 80 
- 65 

Sulphuric  acid  :j 
.5  Oxygen  -) — p 

0.x  Coppers  ■ - yO 

2 Carbonic  acid — 7 5 
— 1-  80 

n (S.vegca  . — p 
Oil  of  Vitriol  —A  a 5 
(S  G.1.85J  gf 

d Si trie  acid  Ay  ’ 9° 

, ( front ia  ■ — eg.  - 

" - 100 

10  carbon . 

Pi-Carb.  Ammonia  tj 


__  Muriatic  and  d 
.lime 

. .Vitro  as  gas 
, Coda 
Zinc 


_ OjcJron 

1 1 .Sub  CiirbXmmonia 
- — [fpotassiam 
zSPcd  Ordron 
. H r.  Zinc 


- .5  Water 
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n 


V ac  +lc  ’ \/ ab  = 32  . ay/ be  + by/ ac  Cy/ ab 


-\-ab—2n  . » , — 2 n. 

-f  ac-\-  za  V VC  + 2 b. 

-\-bc 

(6;)  s/ab  = +30  4 : +£« : 

-f  be 


n*-\-  ab  4-  ar-f-  6^+  4^  • b + 1 5 6‘  — 4 • 71  + 1 56' . 7i3-f-  ab  -j-  4“  ^6’ 

. y/ab=^ac  . ;z4- 156  4- 4^-^+  *5a  • ^4*  15^*  w4"15d:  • V ^ 

, x - — ■»  ■ ■ 1 — - - — ■■  11  ■■  1,1  ■ » 

-f4ab.n  + 15^  k + i5c.;ta-ffl6  + tfc-f  be. 

( 7; ) «•+  6 + ac  + be  -yac . >t  + isK  = 4r  +20.,,'+ At +™S‘‘‘>-r'ab 

— 4^c.«+ 15^  +1^* 

• , 1 1,2.3  . » 

z.e. » — 2oc.  n — 1 loaucu  _8a8„ij.=4 . »J+i7oj*  +3U1. « + i5<ic*  • \/ 

-2ic-  — SgHubzc  +3'bc-  +lSbc' 

-f  c)02abc‘L 

which  being  squared,  an  equation  will  result  of  8 dimensions, 
free  from  surds. 

In  like  manner  may  surds  of  the  16th,  32d,  64th,  &c.  powers 
be  taken  away  from  any  equation. 

The  number  which  may  be  taken  away  is  unlimited,  as  the 
removal  of  each  surd  quantity  or  factor,  in  all  these  cases, 
depends  on  the  principles  which  direct  the  solution  of  simple 
equations. 

In  the  case  of  cubic  surds,  the  quantity  or  factor  necessarily 
subjected  to  the  radical  sign  may  be  of  one,  or  of  two  dimen- 
sions, but  not  higher  : since  then,  an  universal  method  is 
known  for  solving  quadratic  equations,  any  number  of  cubic 
surds,  independent,  or  dependent,  on  each  other,  may  be  re- 
moved from  an  equation. 

Let  3y/a  4 ~3\/b  -\-3\/c  = 0 : then  (2;)  a 4-  b 4-  3 *V a'b  4- 
3*y/ab ■ = — c : therefore,  (3;)  3y/aab  4-  *V 

E 
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which  put  = — m:  multiply  by  h:  then,  3s/a'b4  + b 3\Zab* 
= — bm : this  quadratic  equation  gives,  3\Zab*  = — \ b + ~ 

s/—- ...  ab'  = ± »=*5  zab  + 6’ 

— gbm  = ± b — m V b*  — rfm : which  squared  gives,  ^a2b* 
+ 4tf&3  — izab'm  -|-  b4  — 6b* m + 9b2 m2  — b4  — 6b3m  + 9^/71* 

— 46m3  v ab  -j-  ah'  — 3 abrn  -f-  7f?  ==  0 ; i.  e.  m3  — abc  — q ; 

v a -f  b 4-  c = zjabc. 

But  an  equation  consisting  of  3 cubic  surds  only,  may  be 
cleared  of  them  without  the  solution  of  a quadratic  equation, 
thus : 

it  • , , 

Let  3\/a  -(-  3\/b  + Wc  — 0 : then,  (2;)  a + b -(-  sW a*b 
+ 3 3\/ ab*  — — c,  i.  e.  since  3s/a  -f-  3\/b  =■  — 3\/c,  a b — 3 

3v/ abc  = — c:  therefore,  (3;)  a + b + c = 3 *y/abc\  and, 
+ b + r = 2*jabc. 

And,  universally,  an  equation  consisting  of  3 surds  only, 
whose  common  index  is  any  odd  number,  may  be  cleared  of 
them,  if  we  admit  the  solution  of  an  equation,  whose  highest 
dimension  is  half  the  index  of  the  surd  minus  unity. 

Because  in  any  integral  power  of  a binomial,  as  the  co-effi- 
cients of  terms  at  equal  distances  from  the  extremes  are  equal, 
those  terms  may  coalesce,  the  compound  factor  being  equiva- 
lent to  a simple  one,  as  may  be  more  fully  seen  below. 

To  return  to  cubic  surds  : if  5 + t3  \Zd‘e  + v*\/de*  = 0,  then, 
by  the  last  example,  (3  ; ) s3  + t3d'e  -|-  v%'de*  — 3 stvde . 

Let  V a + Wb  + -f  3\/e  = 0 : then,  (3;)  a -{-  b -f 

zy/d  + 3y/ e = 3 3s/ab  . 3^/d  + *\/e  ; 

and,  tf  + 6 + ^+  <?  + 33V'^  + 3 W de*3  = Qjab  . 

^ + « + 3 v^v  + 3 ‘ \/  de%  \ put  a — J—  b "l-  d + r = 3r;  then. 
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r + *y/d*e  + W de'  — ab  . d -f  e 3 s/d2e  -j- 


+ 3** 


+ 3ra. 


?>.  +Xer  +J"-  +3*-  V^e’=d&.rf+*+3a6V^’H-3<^V^*; 

+ rfel 


+ 3*- 


+ 3 dg' 


r*  -f-3r4.  -f3r*. 

.put  de  — ab=zx,  and  ^ ==jy ; ’•*  (4;)  +6der  +3 ^r.y/ aV  + 3</r.  j\/ dt'  — o. 

+ xy  + 3**  ' + 3*- 


Substitute  now,  for  5,  r3  -J-  6der  -f*  ary;  for  t,  3d  -f-  ger  + 3^; 
for  v,  3d  -|-  3 dr  -f-  3X  ; and  the  equation,  s3  + t3d*e  v3dt%  — 


3stvde  = 0,  will  become, 

-f  zjcPty*. 

r9  ci rip 1 7 1 o vw6  + 8uiV'  5-8lrfv>  r^—27dexyz . 3 , ^ 

; — 9^/  + 3^yr  __54^.  r +63^.  r — 7 “r  %7aexyr 

+ 3-r^4  • 


— gdex'y'r  a:3y3  = 0, 

which  is  an  equation  of  9 dimensions,  z.  £.  of  27  times  .the 
height  of  the  given  one  3s/a  + Wb  + 3\/d  -f  3y/ e = 0. 

If  another  independent  cubic  surd  were  added,  the  equation 
resulting  free  from  surds  would  be  of  27  dimensions,  or  of  81 
times  the  height  of  the  given  equation. 

Universally,  if  an  equation  consist  of  any  number  of  inde- 


pendent surds  having  a common  index,  the  equation  resulting 

free  from  surds  will  be  so  many  times  the  height  of  the  given 

, * » 

one,  as  there  are  units  in  the  common  index  of  the  surds  raised 
to  the  power  whose  index  is  the  number  of  independent  surds 
diminished  by  unity. 

As  the  solution  of  a cubic  equation  is  required  for  the  ex- 
termination  of  some  of  the  higher  surds,  it  may  be  worth 
while  to  shew  the  connection  of  the  rule,  called  Cardan's, 
with  the  extermination  above  given  of  cubic  surds. 

If  3i/a  -f  3s/b  -f  3s/c  = 0,  then  (i  + b -|-  c = 33s/abc,  as 
before;  or,  by  substituting  x,y,  z,  for  \i a,  s/b,  \/c,  respec- 
tively, if  x + y + z = 0,  then  a^-fy3  + z3  = 3xyz.  Suppose 
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any  one  of  these  quantities,  as  x , the  unknown  quantity  of 
a cubic  equation  : arranged  it  may  stand  thus,  x3  * — %yzx  +£ 
= o , an  equation  wanting  the  second  term.  Therefore,  con- 
versely, x — — y — z:  or  else,  by  dividing  the  cubic  equa- 
tion by  the  simple  one  x = o,  and  solving  the  quote,  the 

quadratic  equation,  x*  x —yz  = o,  x = ^ s/ — 3. 

Then,  in  any  cubic  equation  wanting  the  second  term,  v.g. 
x3  * + qx  + r ==  0,  suppose,  — 3 yz  = q ; and,  y3  t3  = r : 

then,  z = — ; z3  = and  — J?L  — r : therefore, 

> 33,  273,?’  y 27^  7 

y6  = n;3  y3  ==  ^ r + ^ 7 2 -}-  f q3 : and,  by  subtract- 

27  27 

ing  this  from,y3+  z3  = r,s:3  = {r+  ^ £ r*  -^q3:  therefore,. 

— y — z,  orx=\/  — ^ ^ 'Z3  + 

i r‘  + y7  r- 

If  the  cubic  equation  have  but  one  possible  root,  ± 

V —3  will  represent  the  two  impossible  roots.  If  the  cubic 
equation  have  all  its  roots  possible,  the  last  named  expression, 
as  well  as  — y — z,  implies  the  extraction  of  the  cube  root  of 
an  impossible  binomial;  except,  however,  in  this  single  case, 
when  two  of  the  roots  of  the  cubic  equation  are  equal  to  each 
other:  then,  the  solution  by  the  above  rule  is  possible,  though 
all  the  roots  be  possible;  for  then,y  = z;  and  the  expres- 
sions —■ -,  and  x f + E ^ both  vanish  : then  a:3  * — 3y‘x  + 
■sy3  = 0,  and  the  values  of  x,  are  — 2 y,  y,  and  y. 

Since  any  number,  either  of  quadratic,  or  of  cubic  surds. 
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may  be  exterminated,  any  number  of  surds,  whose  indices  are 
in  any  manner  compounded  of  the  factors  2 and  3,  may  also 
be  exterminated  from  any  equation. 

It  may  at  present  suffice  to  instance,  in  surds  of  the  6th, 
and  in  surds  of  the  9th  power. 

Let  6 s/a  4-  6/b  + 6\/c  = 0 : then,  as  in  cubic  surds  (3;) 

a.  +3a- 

s/a  -{-  /b  + \/c  = 3 6 /abc  ; and  +3 b.  s/a  + b.  /b  +3 h- 

-f  3c.  + 3C*  4" 

s/C  -j-  6 s/ abc  = 27 s/abc.  Put  3a  + 3^  + Sc  ==  w : then, 


(40  s/b  = 21  v/a6c  +";.  v/e;  and,  by  squaring 

?i2—  4 an  + 4a* . a 4-  n* — 4 bn  4-4 b*'.b  -{-  Z4&]  ^ V ^ 


= 44 1 # for  4“  n*  — 4fn  + 46* . c + 84c*  — 42c//  /ab* 

^ 2 -f4  a? — — 

(5;)  +6.  -4^.  W = — 2^  + 4*.  » + • </ab:  hT 

-c.  + 4‘2-  _4+i  abc  —42c' 

a'+i5*:b+i5&+b>  -6a'-2oab-6F" 

+ sJ+&=  -^~&.y/ab.  Put 


,•  — xazc— ±zxabc — xb^c 

restitution,  J + - - 


a 4-  b — c — r. 

Then  r3  4-  12 abr  — /^ogabc 
Square  and  transpose,  r*  * 

, —12312 arbrC.  u,  a 

r -699B4^>. ’ = 

mensions,  free  from  surds. 


1 


= — 6r  — i6scr  _\\b6c*  . ^ ab. 
- 12 abr'  — iT5^abcr3  tfss^bc'. 
0 , results,  an  equation  of  6 di- 


Let 9/ a 4 -9/b  -\-9/c  = o\  then,  as  in  cubic  surds  (3; ) 

*/a  -\-Wb  -{-3Vc  — %W abc ; and  +b  4-  3 3/a*b  + 3Vtf£24~  3 

+ c 

3V/^V  + 63v/ abc  4-  3 Wb'c  4-  3 3/ ac1  4-  3 3v/^*  = 2j3/abc* 
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Put  a -}-  b -f-  c = $n : then 

(4;)  3</b  +3vA  . 3K/a%  + 3y/b%  — 7 V be  + 3s/d  • V 0 = — 

multiply  by  3v/6-J-3v/6':  then  3v/^  +^V/6’~* 

+ 3 \/  b* . 

V*’  —7Wbc.3\/ b 4-  3\/^  • V#  = — 3|/fc  • Wb  4-  3y/^  — n * 
+ Vcl *. 

V6  +~  Wc:  this  quadratic  equation,  when  solved,  gives 

V6  + Vc  . Va  = -3y.bl+7’: fbc~Wc*  + 

1 8c— 4«  . J v/^  + 433v/^1^14  c—i'ib — 471  . Vc 


This  equation,  when  cubed,  will  exhibit  the  quantity  or  factor 
a , free  from  the  cubic  radical  sign ; thus,  a . 3y/b  -f  Wc\  or, 

nh  . -f  3496c  +246.  —1656. 

+ %a3Vb%c  -f  $aWbc'  = \ . — cz  —165c.  3\Zb*c  +24C.  3\/bcx 

-\-T,bn  — 18//.  — i8n. 


+ ac 


+ 3 cn 


b. 


+~.-i$c.3\/b-\-4!93x/b*c*+c?  3\/c\/—\%c.3'\/b+^%3Vbtc%  + c.  3\/c* 


— n. 


— n. 


— 4». 


— 186. 
-be. 

— 4 n. 


Restore  for  n,  a^b+--}  transpose,  and  double : then 

3 


a . ——a. 

, 3 3 

an  + 1 2d»  -1-  \2(i » 2 n /*  / 4.6 

351  lie—  I 86.  fy'  i'C  + [ 7 I i.'V  bc'=  ++~b-W  A+.J.^V  ti‘c  — 4~4'  ’3V  c 

-l2c-  46  , l 

— — c.  4 — c. 

3 3 


■35 

4.  ac-fi7ic. 


-a. 


- J_6.  3y/b  + 43  V6*c*  -^6.  Wc. 

3 3 

__  58  i_c 

" 3 ^ 3 

This  equation  squared,  transposed,  and  divided,  by  be- 
comes 
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464 

7,  o +3^  + 3&3-  42206V 

* 415186c.  431686V.  49246V 

' c’  +3^.  431686c4.  42206c3 

43c3.  4c4 


+ 3 • a 


3 4876. 
+ 339c- 


a 


-1536V 

-33576c. 

4 1089c1. 


4 4^3 
41656V 
4 2646c1 
4 22c3 


3\/6V  + 3 • ^ 


3 + 3396* 
487c. 


4 108961. 

a 1 —3357^.  # 
-153c1 


4226s 
4 2646V 

4 1656c1 
44c3 


Compare  this  with  the  equation,  j + + 27  V'c/e*  = 0 : 

the  resulting  equation,  s 3+  tz<fre  -f*  v3\/de * = 3 stvde,  being 
accordingly  computed,  will  be  free  from  surds.  It  will  be  of 
12  dimensions;  but  may  be  depressed  to  one  of  9.  Instead 
of  continuing  the  operation  to  shew  this,  I refer  to  the  exter- 
mination of  surds  of  the  5th,  and  of  the  7th  power,  to  be  given 
below,  for  the  manner  in  which 'some  equations,  resulting  on 
involution,  are  depressed. 

In  surds  of  the  3th  power,  the  quantity  or  factor,  necessarily 
subjected  to  the  radical  sign,  may  be  of  4 dimensions,  but  not 
higher:  whence,  if  the  solution  of  any  biquadratic  equation  be 
admitted,  any  number  of  surds  of  the  5th  power  may  be  taken 
away  from  an  equation ; and  here  it  may  be  observed,  that, 
as  to  the  matter  in  hand,  it  is  of  no  importance,  whether  the 
biquadratic  equation  may  be  solved  in  possible  terms,  or  not ; 
for  the  value,  in  numbers,  of  any  particular  quantity,  or  factor, 
is  not  required ; it  is  only  required  to  obtain  the  quantity,  or 
factor,  of  a single  dimension,  in  order  to  deprive  it,  by  invo- 
lution, of  its  radical  sign. 

When  an  equation  consists  of  3 surds  of  the  5th  power,  the 
biquadratic  equation  is  virtually  a quadratic. 

Let  Wa  + Wb  -j-  V c = 0 v (2;)  a -j-  b -f  5 V aAb  -f-  10 
5V a3b*  -{-10s  V a'b3  -j-  3s  \/ab4  = — c ; put  a -f-  b -j-  c = gm. 
v (3;)  With  + 2 V a3b'  + 2 Wa'b3  + Va&4  = — m ; this, 


% 
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multiplied  by  63,  gives  V^I<5  + 2 b W a3bX2  + 2 b2  W a'b%  + ^ 
s\/ab*=  — b3m,  a biquadratic  equation  of  the  quadratic  form, 
thus,  Va'b'  + 6V^^+  b* . V ab*  -f-  b'x/ab*  = — b3m,  which 

solved,  gives  W c?b'  + b V ab4  = — ~ ~ , another 

quadratic : then  5\/ab*  = — ~ ~ ~b  m . involve 

to  the  5th  power,  and  the  equation  will  be  cleared  of  the  radi- 
cal sign  of  the  surd  of  the  5th  power  : thus, 

ab*=  — |65-J- — b*m-\-  \ b2V  64 — 4 b3m  + \ — b2  2; 2 V 64 — 46  s w 

divide  by  \ b3,  and  transpose  ; then, 

b * — $bm  -f-  2#6  = V/6*  — 46/72.  T m ^ — 62  + 26  — 46m. 

Square,  transpose,  and  divide  by  26  ; then, 

63  b 2 — io^m.  6 = + 6*  — 36/72  m*  V tf  — 46m. 


+ 2a*. 


Square  again,  transpose,  divide  by  46,  and  arrange: 


then,  m‘  * — 25<zfo»3  m*  m = o. 

~~loab  * + <z6* 

But,  as  in  the  case  of  3 cubic  surds,  a simple  equation  sup- 
plied the  place  of  a quadratic,  so,  when  an  equation  consists  of 
3 surds  of  the  5th  power,  a quadratic  may  supply  the  place  of 
a biquadratic,  or  of  two  quadratic  equations. 

Thus,  Wa  + Wb  + Wc,  = 0,  v ( 2 ; ) j -f  b + 5 V<246  + 10 
s\/a3b2  + 10  W a* b3  -j -5’/^  = — r,  (3  ;)  VV6  -f-  2 Wa3E 

+ 2 W a2b3  + = — m: 

Jv^^  + 3 5v/'a^*  + 3 5\/tfa£5  + s\/cib*~  5A/ab  . — s,/ab  . s^c*—  — 5 x/abc* 


-\-a*b 


But 


{ 


— — 5*/azbz . + . S^/c  — -f  s\/azbzc 

Therefore  s*/azbzc — 5 x/abc*  — — m. 

This,  multiplied  by  c,  gives  the  quadratic  equation,  V T6V 


} 
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— cV  abc1  = — cm:  which  solved  gives  s\/abc3  = C— ~~ — : 
involve  to  the  5th  power ; then,  = c ~ + 

2 I Vf2~  4 £7?Z . 


Divide  by  ~£2,  and  transpose  ; then,  — r3+  5 me 2 £ = + 

r2  — 3^r  -f-  m2  c2  — 4,777^: : squared,  gives 

c* — lomr5  435m".  t4  —50m3.  r3  -f  25m4.  c5  = r* — iowr5+  35WV 
— 4^6.  -\-20abm.  — 20  abm*. 

-|-  4 


— 50 mV3  -j-  25mA2  — 4%V. 

Transpose,  divide  by  4c,  and  arrange  ; then,  ;;z5  * * — ^abem2 
+ gabdm  — ° ; °r,  ms  =:  abc  . 5m2  — ab  — ac  — be ; 


which  is  an  equation  of  5 dimensions,  free  from  surds. 

This  equation,  if,  instead  of  Wa  + Wb  + %\/ c ==  0,  were 
substituted,  19%/ a -f-  10Vb  + ™V c — 0,  would  contain  no  other 
than  quadratic  surds  ; if,  *V a + 1 Wb  + "Vc  — 0 , no  higher 
than  cubic  surds  ; wherefore,  if  the  extermination  of  any 
number  of  surds  of  the  5th  power  from  an  equation  be  ad- 
mitted, since  the  number  of  surds  of  any  lower  order  which 
may  be  exterminated  is  unlimited,  an  equation  consisting  of 
any  number  of  surds,  whose  indices  are  in  any  manner  com- 
pounded of  the  factors,  2,  3,  and  5,  may  be  totally  freed  from 
surds. 

If  a formula  for  the  solution  of  any  equation  of  6 dimen- 
sions were  known,  any  number  of  surds  of  the  7th  power 
might  be  taken  away  from  an  equation  : As  such  a formula, 
however,  is,  I suppose,  at  present  altogether  unknown,  we 
may  be  contented  with  the  extermination  of  3 surds  of  the 
7th  power,  which  may  be  accomplished,  because,  a formula 
for  the  solution  of  cubic  equations  is  known,  3,  the  index  of 
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the  cube,  being  equal  to  half  the  index  of  the  7th  power 
diminished  by  unity. 

Let  W a + Wb  + Wc  = 0 : then, 

(2;)  + ^ + 7 7v/<i<5^  + 21  7v'^s^*  + 35  7 \/a*b3-{-  35  7 */a3b*-\-  21 7 v'a16s  + 7 7 — — * 

(3i)  7v/^66+3  7v'flS^  + 5 + S 7\/^3^4+3 7v/,^s+  7</ab6—  — - — - — - (put)  — — m 


Sut 


7\Za6b  + $7\/a5b1  + io7-/^4^3^-  io7v/’a3i4+57v'^5  + 7V'^^<S=  • 7\/tf + 7V^  — — 7 Vabtf 

— 27y'a567'— 67y'a463  — 67v/a3Z>+ — 27\/a‘lbs  — — 27v/tf2/>2.7v/fl  + 7v/^3  — + z7,v/fl2'/,2cJ 

-f  Vfl4&J  +7v/a3M  = -f  V<z363 . 7^afVi  = — W^b3c 

Therefore  — 7 ^/aWc -f-  zJ^a^b^c3 — 7^abc$  ~ — 

Multiply  by  — r2;  then,  7Va3b3cls  — 2£  7vV&V°+  £2  Wnbci  *= 
r?n.  Extract  the  square  root  of  this  cubic  equation  ; then, 
"Va3b3c15  * — c'*Vabcs  = + cVm:  this  cubic  equation,  which 
wants  the  second  term,  when  solved,  gives  ’V abc5  = . 

± jr  cVm : + ~ <y  m — — c+  \/  +±c\/m: — m — — -c: 

27  27 

this,  involved  to  the  14th  power,  will  be  free  from  all  surds, 
except  quadratic  and  cubic. 


Put  m — ~c  = n,i f ■§•  Vni : -f  } = 5,  and  + \ \/m  : 

— }j  \/n  — t:  then,  on  dividing  the  equation  by  3\/c, 

= Ws  -f  Wt : involve,  then  3-^L  ==  y/4  -[-14  VV3/  + 91 

\r  C 

V s,2f  + 364  v^73+  1001 3yV°P+  2002  Vi9/5  + 3003  3vV/.6 
+ 3432  V -!>7^7+  3003  3\/ 56/#+  20023i/ S*/9  + 1001  V 54/l0-h  364 
3V/ s3/”  + 9 1 3V s2t 12  -f-  14, 3v^ s/13  + 3i/ /I4. 


But,  st  = ± m — \ n — Ec  v±  Wc=Wst,  and-i-3V'r2=V^2: 

then,  by  multiplication,  06c  = 5s  3vA/2  -f  145V  91s4/  3\A2/ 

+ 364s4/  3V si2  -f-  100164/2  + 2002 s3t2  3Vs~t  + 3003.S ;3/2  Wst 2 
+ 3432.9s/3  -j-  300 3s2/3  HA2/  + 2002 r/3  "Vi1/2  -}-  loou2/4  + 
3b4_9/4  HA2/  + 91s/4  HA/2  + 14s/5  + P W s2t 
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145s/  4 915V . 4 s\ 

4 1001  s*L  a+  2002  5V2.  4-  3645V. 

Arranged,  = + 3003s2/3.  +30035V2 . V 

+ 10015V4  + 3645^.  4 20025V3. 

4“  145^*  4 ^s«  4—31^  • 

Restore,  first,  for  5,  ± 4 Vm  : 4 2 Vfl  > f°r  t,  ± \ V m : — 4 : 

then,  

— -f  5461m1.  —1825  m1.  , 

'71  — 9090 mn.  IL  V 771  -J-2538m«.  V71  • 


7 abc  =*  — 


I / 2731m1. 

x -3348"1"* 
V+  729n*' 


m 


+ 3645 /i1. 


— 72911 . 


3 V +5461  m4.  -f  1825m1. 

4 V ™'  + v'w  *'  — 9°9°™«-  + V™  —2538 mrt.  • 

- v +36+5n\  - 47*9**- 

Restore,  secondly,  for  77, 771  — ^c\  divide  by  -§-3W’j  and  trans- 
pose : then. 


14m' 


-f-m*. 


— /724.  . 

+ 32C\’  I W*  + 7 Cm‘  ± i Vm  -10cm.  1_  s/ m __  ± c 

- 3ab.  +5C**  2 27 

3 / W — + ™1 

_j_  i ( x V, 


± x Vm  + i v m — + il 

4 3c*. 

4 \ V m — 4 ^ m — — 


+ i i/m+m'-  XV7 

■®l2v  m -f  10cm.  2 //4 


+ 


lc 

27 


27 


0. 


Put,  m%  4*  — cm  4-  5^2  = 2.r ; m*  4 i°cm  4 c*  = 2y  ; 14771* 

3 


+ 35<™  + 2c2  — 306  = gz  : then,  + x V ni  — y Vn  . 

4 vTti  4 i Vn  + ±xVm+yVn  . 3vV  4 V^ti  — 4 i/ti 

4 2 Vc*  = 0. 

Therefore,  by  the  extermination  of  cubic  surds, 
f ± x \/m  — y \/n  . + \ V m ^ VR 


< 4 T ^ Viti  4 y Vn  . + 4 1/777  — 4 4/77  4 — 3 • x'm  — y277 

| o / 1 1 * ■ ■ ■ — » ■ ■ 1 ■ ■ ■ 

L v 4 m — \ 11  . z'V c1  = x2777  — yln  . rz 
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i.  e.  x3nf — %x2ymn  -{-  3 xylnn  — y3n 2 + c2z3  ~ x2m  — y2n  . cz ; 
or,x2m  -f-  <gfn  . xm — : 3 x2m-\-y2n  .yn  — : x2m — y2n  — cz \ cz  = 0. 
Restore  the  values  of  x , y,  and  z : divide  by  A c ; then. 


ml  * 


256 :2rn5 


14600 
27  * 
— 55  a be. 


m 


4 — 


7850 
1 — — c 
27 

+ gSabc2 


200  cs 

77 

m3  — — /^2 


-f  i4rtaZ>V. 


-f 14 a be4-. 
-f  35  azbzcz. 


m -\-z(Xb2cl  = 0:  which  is  an  equation  of  7 dimensions,  free 

-f  a3b3c 


from  surds. 

In  like  manner,  the  extermination  of  3 surds  of  the  1 ith 
power  from  an  equation  might  seem  to  require  the  solution  of 
an  equation  of  5 dimensions : but  in  this  case,  the  highest 
term,  if  I may  so  speak,  vanishes ; so  that  an  equation,  con- 
sisting of  3 surds  of  the  11th  power,  may  be  freed  from  surds, 
without  the  solution  of  any  higher  equation  than  a biquadratic. 
The  labour  however  is  great. 

As  preparatory  thereto,  and  not  to  refer  elsewhere,  the 
solution  of  a biquadratic  equation  may  be  here  given. 

Suppose  it,  as  any  equation  may  be  so  transformed,  to  want 
the  second  term  ; thus, 

xA  * -f-  qx 2 + rx  + s = 0 : suppose  also,  x2 -f-  ex  / = 0 ; 
x1  — ex  + g — 0:  then. 


x4  * 


-ej. 


X +Jg  = 0 ■■ 


and, 


f+g  -*1  = q 

—ef+eg  = r 

IS  = s 


} 


Therefore, 


f^g~e2-[-q 


-f+g  = -T 

v 


/ = 


O* 

& 


2e 

e3-\-qe  + r 
ze 


fg 


e6-h  zqe*-\-q2e2 — r 


then,  ec  + s.fle4 


+9X-  7- 
-4*- 


0.  Put  e2  = z j q ; then. 
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Z* — 2 qz2,  + — q2z  — —q3=  e * 

3 27 

+ — j g’z  + 7?3= + 29«4 


?*■ 
— 4* 


2*  , a 

~ 3 + 9 ' 

* 8 

+ 7?5 
r1  = — r2 


> 


— 4s. 


— — 91.  — — <?* 

Z3*  3 £ 2J  = 0. 

-4*-  + JL?S 

3 

— r* 


This  cubic  equation  gives,  z =V^? 


f ^+i'-2  + 7 


v/-  7?Ht  + T <7V 


2 I S'  4 

izqrs  + y r 


64  , 

3 


+ 


v/ 7?3—  + ir*—j  v/ _ i/j  + 7 q3r  + 


11 

3 


5 V — 1 zqr^s  + y r4  — y s3. 


Then  by  hypothesis  and  solution  of  quadratics,  .r  =3  — -§-  e + 
e2  — /•  or,  x = -\-‘^e±Vj.  t1 — g ; and,  by  substitution, 

x = —\e±\\/  — 

s/  - % ■ 


2<7 


+ 2 T h i y z r <Z  ± i 


T?  + 


:,  or  x 


= i e ±i  y — el  — 2 q — 


=±\y- 


± i y — % — ~t(i — 


2r 


vL- 


Let  now  the  equation  consisting  of  3 surds  of  the  nth 
power  be,  "V a 4 "Vb  4 "Vc  — 0 ; then 
(2;)  a + b 4 11  "i/a'°b  4 55  "VaV  4 165  'Va'b3  4 330 
”yW  4 462  "VaV  4 462  "Va!b6  4 330  "Va'b1  4 165 
"Va3b‘  4 55  "yW  + 1 1 "Vab"  — - c. 
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Therefore  * 5 11  v" a*b*c3  — 7 n\/ a36V  -j-  4, 1 V ^ 6 4 — lW abc 9 = 

— m ( = — ) Multiply  by  -h  r3 ; ‘V, a*b4c36 j c 11  \/ u3b3c27 

+ c2  "Va'b'c"  — - r3  "V abc9  = — - r3m. 

1 5 5 5 

Put, 1 V tfk9  = x + — c ; then, 


x4+  ~ rx3-f  hiZ  r\r2-f- 

* 5 * 200  1 


343  ,3 

2000 


(?x- f-  ~yo1-.  c4 

1 160000 


■2-fX3- 

5 


iHc-x*—  ^r3x_  -^-c4 

100  2000 


4-  ~ czxz  4-  — c3x  4-  — c*  > 

1 5 * 25  1 500 


40000 

H 1 49 


1 i 

— CX 

5 


^ c* 

IOO 


I 


X'  * 4--^cV-4- 
1 200  1 

2723 


J2_ 

1000 


c * 


' 60000  = 0. 

+ ±0*111 


+ y c6m 

To  solve  this  biquadratic  equation,  substitute  in  the  equation, 

— 2V?3 

z3  * ' £ + f?5  = 0,  for  <7,  — r ; for  r,  c3 ; and  for  5, 

— 4S.  , 7’  200  ’ 3 IOOO  ’ * 


• — 2— - c4  + T c*m  : then,  s3  * f % . T,37f5^  = 0 : 

IOOCOO  * 5 5 — Tc  m TTf5C  m 

1 3V/]Z 7’ — ' — ' ~~=~ 

\’z—  1 c — c3 — l-~c’1m+  \c*  13621c4 — 1 64574c3/?!-}-  661 6$<jc2‘mz — 864000cm* 

15  2 2 

-f-  ~ c ^-7-c3 — ~c*m—  13621c* — 1 645 74C3m-f- 661 6 Spc^m2’— 864000cm3 


then,  x — + 


iV 


% — d 4 \ 

300  — 2 


— % — c2  4-  — 7 

150 


17 

500 


13  1 

X Ca 

300 


,v/' 


17 


500 


or,  x = + \ ^ % — cz  + \ ^ — z — c1 

’ — 2 300  — 2 150  w 

v -z 


■z c* 

300 


v u\/abc9=-±-  c + 


= ^ + ii  f + pZ-z-lL 

20  ' 2 300  — 2 I50 


■z  — — c2A — 7 
*5°  ' y' 


17 

500 


13  2 
55  — . C 

3oo 


or,  llVabc9=:  d-c-h  - c2  + 3 — z — — c2 — , 

’ 20  — 2 3CO  — 2 I50  y/  13 


,/ 


17 

500 


> 


Z—  — C' 

3oo 
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This,  involved  to  the  11th  power,  will  yield  an  equation, 
which  shall  have  no  other  surds  than  quadratic  and  cubic;  and, 
since  these  may  be  removed,  whatever  be  their  number,  it  is 
evident,  that  an  equation  may  be  at  length  deduced  free  from 
all  surds : But  the  accomplishment  of  this  would  require  so 
great  labour,  that  it  may  at  present  suffice,  to  have  shewn  the 
possibility,  and  pointed  out  the  method,  of  removing  all  surds 
from  an  equation  consisting  of  3 surds  of  the  11th  power. 

Far  greater  would  be  the  labour  to  exterminate  3 surds  of 
the  13th  power. 

Surds  of  the  12th  power,  it  must  already  have  sufficiently 
appeared,  may  be  taken  away  in  any  number,  according  to  the 
principles  of  extermination  of  cubic  and  quadratic  surds. 

It  is  also  sufficiently  manifest,  that,  if  an  equation,  consisting 
of  3 surds  of  a certain  power  ( v . g.  the  7th),  may  be  cleared 
of  surds,  an  equation  containing  2 such  surds,  together  with 
any  number  of  other  surds  whose  extermination  is  unlimited, 
may  be  also  cleared  of  surds;  and  that  surds,  whose  extermi- 
nation, as  to  their  number,  is  unlimited,  may  be  exterminated 
from  any  equation  containing  them,  however  diverse  they  be 
from  each  other. 

Thus,  has  been  pointed  out,  the  extermination  from  equa- 
tions, of  surds  whose  indices  do  not  exceed  the  number  6,  or 
of  any  combinations  of  such  surds,  in  any  number ; of  three 
surds,  whose  common  index  is  either  of  the  prime  numbers  be- 
tween 6 and  12,  or  whose  indices  are  either  of  these  multiplied 
by  any  numbers,  or  powers  of  any  numbers  under  6,  provided 
the  equation  contain  no  other  quantity;  also,  of  two  surds, 
whose  common  index  is,  or,  whose  indices  are,  as  last  described, 
with  an  indefinite  number  of  surds  of  the  former  description. 
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It  only  remains,  however,  for  the  complete  establishment 
of  the  last  observation,  to  note,  that  any  surds,  contained  in 
the  denominator  of  any  fractional  quantity  of  an  equation, 
which  cannot  be  transferred  to  the  numerator,  by  multiplying' 
both  terms  by  a residual,  as  some  have  recommended  to  be 
done,  may,  by  multiplying  the  whole  equation  by  that  deno- 
minator, be  transferred  to  the  other  quantities,  or  numerators, 
of  the  equation. 

That  observation  will  then  hold  of  the  surds  therein  named, 
however  they  be  situated  in  the  equation ; whether  they  be 
in  the  numerators,  or  in  the  denominators  of  fractions. 


P.  S.  Dr.  Waring’s  method  of  taking  away  surds*  is  very 
ingenious.  It  is  however  evidently  limited  by  the  same  pos- 
tulate, which  restricts  the  application  of  my  general  method ; 
viz.  to  solve  an  equation  of  the  dimension  next  lower  than  the 
index  of  the  surd,  being  prime;  for  this  must  be  effected  in 
order  to  obtain  the  imaginary  values  of  the  surd  as  required 
by  his  method ; and  this,  and  sometimes  less  than  this,  is  suf- 
ficient in  mine. 

e.  g.  To  obtain  the  imaginary  roots  of  the  5th  power  of 
unity,  the  biquadratic  equation  a4  + a3  -f-  a*  + a -f-  1 = 0 

must  be  solved.  These  roots  are  — — y— 1Q  + 2*T  ancj 
4 

; 1 + 2v/5?  coefficients  troublesome  enough,  espe- 

cially from  their  variety,  as  Waring  himself  has  observed. 

* V.  Meditat.  Algebr.  Ed.  3.  p.  152,  Prob.  26. 
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The  imaginary  values  of  higher  surds  of  prime  indices, 
when  found,  would  be  still  more  complicated : and  it  is  not 
very  easy  to  find,  for  example,  the  imaginary  values  of  a surd 
of  the  nth  power.* 


* The  imaginary  roots  of  the  7th  power  of  unity  are, 

/.  ..x  * . I 3 /7-2W- 3 . 1 * / 7 + 2 1 </  — 3 

^,2-)-  + - +7T  r 


(3>4;)  - 


3 / 74-21*/ — 3 

+ i_v,_3  J 7+_S_2 


( S’6‘> ) 


i-V— 3 3 /— 7 + 2iv/-3  , 1 + ^-3 


12 


12 


— 214-  1 


•21^  — 3 


+ i + V 


=;V' 


7 + 2ly/  — 3 


+ * + ^ — 3 3 / &37  + 147 y/  — 3 i-y/-3  3 J 637-147^-3 

2 2 2 2 


as  may  be  found  by  solving  the  equation  *84-*5  -f  x* + xz x1 x + 1 — 0 —. 

Here,  in  justice  to  Dr.  Waring,  I must  observe,  that  the  application  of  his  method 
to  the  extermination  of  the  higher  surds  of  prime  indices,  may,  in  all  cases,  be  brought 
within  the  condition  of  solving  an  equation,  whose  dimension  is  half  the  index  of  the 
surd  diminished  by  unity.  For  any  equation,  of  an  even  dimension,  which  has  the 
coefficients,  at  equal  distances  from  the  middle,  equal,  the  signs  being  either  alike,  or, 
as  they  recede  from  the  middle,  alternately  opposite  and  alike,  may  in  effect  be  reduced 
to  half  its  original  dimension.  In  that  case,  half  of  the  roots  of  the  equation  are  the 
reciprocals,  or  the  negatives  of  the  reciprocals,  of  the  other  half.  An  equation,  whose 
roots  shall  be  the  respective  sums  of  these  pairs,  will  be  of  half  the  dimension  of  the 
proposed  equation.  Thus,  if 
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The  preceding  biquadratic  equation  is  the  difference  of  two 
squares  c?  -f-  a3  -2-  a2  a -f-  1 , and  tz2 : consequently,  its 
quadratic  factors  will  be  the  sum  and  difference  of  the  roots 
of  these  squares,  viz.  a 2 *1’^.  a + 1 = 0,  and  a2  * + 


x'°  ax9  -\-bx*  cx1  dx*  + mx*  + dx*  + cx2  -^hx*  ax  1=0 ; 
by  the  combination  of  corresponding  terms,  which  has,  in  the  preceding  sheets,  beeu 
repeatedly  exemplified,  and  by  division  of  the  roots  by  x,  may  be  obtained. 


x db  + <*  . x ± -f-  I!l"‘ x ± — x±-4  -h3&-  x ± — -h2^  = 


I 4 +b. 


x 


+ 5- 


1 -f  c, 
x -^4ta' 


*»  -f-  d.' 


-f  m 


x +5  x +za 

If  this  equation  could  be  solved,  the  root  being  called  n,  the  solution  of  the  qua- 
dratic, x 4 — nx  ± 1 — 0,  would  give  the  root  of  the  proposed  equation,  which,  when 


every  coefficient  is  unity,  yields,  x -j — — -f-  x -f  — _ 

JO  JC 


4 • * + - — 3 • * + — 

X X 


+ 3 • * + “ +1  = 0- 

If  this  equation  could  be  solved,  then  would  Dr.  Wiring’s  method  serve  for  the 
universal  extermination  of  surds  of  the  nth  power. 

I may  also  observe,  that  my  method  universally  holds  for  exterminating  quadrato- 
cubic  surds,  without  the  solution  of  any  higher  equation  than  a quadratic,  as  may 
appear  from  a former  example,  though  the  observation  was  not  before  made ; and,  in 
like  manner,  that  it  universally  holds  for  exterminating  surds  of  the  7th  power,  with- 
in the  condition  of  solving  a cubic  equation.  For  the  resulting  equation  of  six  dimen- 
sions may  be  reduced  to  one  of  three,  independently  on  the  simplicity  or  composition 
of  the  third  quantity  of  a given  combination  of  surds.  Thus,  if  Tv/^  + 7v'^  + 7 Vc  = 0, 

Ty/a6b  -p  3 7y/a*b*+  5 Vd4&3-f  57Va*l'*+  3Va*&s-f  7Vab6  zz  — — then  after 

multiplying  by  b*,  may  be  obtained  this  cubic  equation,  '^a%btx  -f  b1  V ab*'  4-  zbr 

7 x/axblZ  + bW“l>6*  + b*  • V*^,a  + b7V<*b*  ~ • b ».  Here,  whatever 

may  be  the  value  of  c,  a and  b may  be  freed  from  the  radical  sign  of  the  7th  power, 
by  the  solution,  first  of  a cubic,  then  of  a quadratic,  equation,  and  afterwards  invo- 
lution. 

So  that  both  Warin g*s  method  and  mine  universally  hold,  until  we  arrive  at  surds 
of  the  nth  power;  and  according  to  mine,  three  such  may  be  exterminated. 
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1 = 0.  These  quadratic  equations  being  solved,  will  give  the 
four  roots  of  the  biquadratic,  as  above. 

So  may  be  solved  any  biquadratic  equation,  the  coefficient 
of  whose  4th  term  is  equal  to  the  product  of  the  coefficient  of 
the  ed  by  the  square  root  of  the  last,  the  coefficient  of  the  1st 
term  being  unity:  and,  by  the  intervention  of  a cubic  equation, 
any  biquadratic  may  be  so  transformed. 
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III.  Analysis  of  a new  Species  of  Copper  Ore . By  Thomas 
Thomson,  M.  D.  F.  R.  S.  L.  and  E. 


Read  November  18,  1813. 

r-pi 

1 he  mineral  which  constitutes  the  subject  of  this  paper  was 
discovered  by  Dr.  Benjamin  Heyne  about  the  year  1800  in 
the  peninsula  of  Indostan,  near  the  eastern  border  of  the 
Mysore.  From  Dr.  Heyne's  description,  it  is  probable  that 
it  occurs  in  nests  in  primitive  rocks,  which  seem  to  be  green 
stone,  or  at  least  connected  with  primitive  trap.  These  rocks 
appear  to  be  subordinate  to  mica  slate.  But  I purposely  omit 
all  particular  details,  because  I understand  Dr.  Heyne  has 
himself  a work  in  the  press,  in  which  the  mineralogy  of  this 
country  will  be  particularly  described. 

Copper  mines  had  been  wrought  in  these  mountains  some 
centuries  ago  ; but  they  had  been  abandoned  probably  on  ac- 
count of  the  various  revolutions  to  which  this  part  of  India  has 
been  subjected.  The  most  common  ore  which  occurs  in  these 
mountains  is  malachite,  and  it  seems  to  occupy  very  extensive 
veins  ; but  the  species  which  I propose  to  describe  here,  occurs 
also  in  considerable  quantity.  It  had  been  already  made  the 
subject  of  various  experiments,  with  a view  to  determine  how 
much  copper  it  contained,  but  I am  not  avyare  that  any  person 
had  subjected  it  to  a regular  chemical  analysis,  or  recognised 
it  as  a new  species. 

All  the  specimens  of  this  ore  which  I have  seen  are  amor- 
phous ; so  that,  as  far  as  is  known  at  present,  it  never  occurs 
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crystallized.  Quartz  crystals  indeed  are  imbedded  in  it  abun- 
dantly and  very  irregularly.  Sometimes  they  are  single, 
sometimes  they  constitute  the  lining  of  small  cavities  to  be 
found  in  it.  These  crystals  are  all  translucent.  In  some  rare 
cases  they  are  colourless;  but  by  far  the  greater  number  of 
them  are  tinged  of  a yellowish  red,  and  some  few  of  them 
are  green.  The  mineral  is  likewise  interspersed  with  small 
specks  of  malachite ; and  with  dark,  brownish  red,  soft,  par- 
ticles, which  I found  to  consist  of  red  oxide  of  iron. 

The  colour  varies  in  consequence  of  the  irregular  distribu- 
tion of  these  extraneous  substances.  One  specimen,  which 
was  the  most  free  from  the  malachite  and  the  red  particles,  was 
of  a dark  blackish  brown  colour.  But  in  general  the  colour 
is  a mixture  of  green,  red,  and  brown;  sometimes  one,  and 
sometimes  another  prevailing.  Small  green  veins  of  mala- 
chite likewise  traverse  it  in  different  directions. 

The  fracture  is  small  conchoidal,  and  in  some  parts  of  the 
mineral  there  is  a tendency  to  a foliated  fracture.  The  lustre 
is  glimmering,  owing,  I conceive,  to  the  minute  quartz  crystals 
scattered  through  it.  The  kind  of  lustre  is  resinous ; and  on 
that  account  and  the  variety  of  colours,  this  ore  has  a good 
deal  of  the  aspect  of  serpentine. 

It  is  soft,  being  easily  scratched  by  the  knife.  It  is  sectile. 
The  streak  reddish  brown.  The  specific  gravity  2,620. 

It  effervesces  in  acids  and  dissolves,  letting  fall  a red  pow- 
der. The  solution  is  green,  or  blue,  according  to  the  acid, 
indicating  that  it  consists  chiefly  of  copper. 

After  a few  preliminary  trials  to  ascertain  the  nature  of  the 
constituents  of  this  ore,  I adopted  the  following  mode  of 
analysis. 
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1.  100  grains  in  the  state  of  a coarse  powder  were  put  into 
a phial  containing  diluted  sulphuric  acid,  and  the  mouth  of 
the  phial  was  stopped  with  cotton  wool.  The  loss  of  weight, 
when  the  effervescence  was  at  an  end,  amounted  to  167 
grains.  This  loss  was  owing  to  the  escape  of  carbonic  acid 
gas. 

2.  100  grains  of  the  ore  were  treated  in  the  same  way 
with  muriatic  acid.  The  green  solution  was  decanted  off,  and 
evaporated  nearly  to  dryness,  to  get  rid  of  the  excess  of  acid. 
A plate  of  zinc  was  then  put  into  the  liquid  previously 
diluted  with  water.  The  copper  precipitated  weighed  48.5 
grains. 

On  repeating  the  analysis,  I found  that  the  muriatic  acid 
had  likewise  taken  up  a portion  of  iron.  I therefore  super- 
saturated the  solution  with  ammonia,  and  threw  the  whole 
upon  a filter.  By  this  means  the  red  oxide  of  iron  was  sepa- 
rated. The  ammoniacal  solution  was  then  neutralized  by 
muriatic  acid,  and  the  copper  thrown  down  by  a plate  of  zinc. 
But  during  my  first  analysis,  none  of  the  iron  was  taken  up 
by  the  cold  muriatic  acid,  owing,  no  doubt,  to  the  state  of  its 
aggregation. 

3.  The  red  powder,  which  remained  undissolved  after  the 
muriatic  solution  was  drawn  off,  was  boiled  for  several  hours 
in  nitromuriatic  acid.  The  matter  gradually  diminished  in 
bulk  and  became  white,  while  the  acid  acquired  a golden  yel- 
low colour.  The  acid  was  now  separated  from  the  undissolved 
powder,  evaporated  nearly  to  dryness  to  get  rid  of  the  excess 
of  acid,  diluted  with  water,  and  mixed  with  an  excess  of  am- 
monia. A brown  powder  fell,  which  was  separated  by  the 
filter,  and  which,  after  being  exposed  to  a red  heat,  weighed 
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19’5  grains.  A little  of  this  powder  being  dissolved  in  muriatic 
acid  was  precipitated  dark  blue  by  prussiate  of  potash.  The 
remainder  being  mixed  with  tallow,  and  suddenly  heated  in 
a covered  crucible,  became  black,  and  was  attracted  by  the 
magnet.  These  properties  leave  no  doubt  that  the  powder 
was  peroxide  of  iron. 

4.  The  ammoniacal  solution  had  a light  blue  colour,  I there- 
fore neutralized  it  by  muriatic  acid,  and  put  into  it  a polished 
plate  of  zinc.  I obtained  a sensible  deposit  of  copper;  but  so 
small,  that  I was  unable  to  collect  and  wei^h  it.  I estimate  it 
at  about  0.1  grain. 

5.  The  white  undissolved  matter  being  heated  to  redness 
weighed  2.1  grains.  On  examining  this  matter  attentively,  I 
found  it  entirely  composed  of  fragments  of  quartz  crystals 
which  had  been  interspersed  through  the  ore,  and  had  from 
their  minuteness  escaped  my  observation. 

6.  From  the  facility  with  which  the  copper  dissolved  in 
muriatic  and  sulphuric  acids,  there  could  be  no  doubt  that  it 
existed  in  the  ore  in  the  state  of  an  oxide.  But  the  red  colour 
of  the  ore  made  me  uncertain  whether  the  oxide  was  the  red 
or  the  black.  I therefore  put  100  grains  of  the  ore  into  a tall 
narrow  phial,  filled  the  phial  full  of  water,  and  then  by  means 
of  a funnel  poured  a quantity  of  muriatic  acid  into  the  bottom 
of  the  vessel.  The  ore  was  immediately  attacked,  and  the 
solution  from  the  very  commencement  appeared  green.  This 
I consider  as  a demonstration  that  the  copper  in  the  ore  was 
in  the  state  of  black  oxide.  Now,  black  oxide  of  copper  is  a 
compound  of  100  metal  + 25  oxygen.  So  that  the  48.6 
grains  of  copper,  extracted  from  the  ore  when  in  the  state  of 
black  oxide,  must  have  weighed  60.75  grains. 
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From  the  preceding  analysis,  it  appears  that  the  ore  is  com- 
posed as  follows : 


Carbonic  acid 

16.70 

Peroxide  of  copper 

60.75 

Peroxide  of  iron 

*9-5° 

Silica 

2.10 

Loss 

' 0.95 

100.00 

The  silica  was  obviously  accidental,  and  derived  from  the 
quartz  crystals;  so  that  the  ore,  in  fact,  consists  of  carbonic 
acid,  peroxide  of  copper,  and  red  oxide  of  iron.  In  the  differ- 
ent analyses,  I have  found  the  copper  to  vary  a little.  The 
least  quantity  I obtained  was  48.6,  the  greatest  51  grains. 
The  red  oxide  of  iron  and  siliceous  matter  varied  also  some- 
what. The  least  quantity  obtained  was  19  grains,  the  greatest 
25  grains.  These  variations  are  owing  chiefly  to  the  admix- 
ture of  quartz  crystals,  and  partly  to  the  specks  of  malachite 
and  red  oxide  of  iron  with  which  the  ore  is  interspersed. 

The  carbonic  acid  is  obviously  combined  with  the  black 
oxide  of  copper,  so  as  to  constitute  carbonate  of  copper.  Now 
carbonate  of  copper,  as  I ascertained  by  a direct  analysis,  is 
composed  of  an  integrant  particle  of  carbonic  acid,  and  an 
integrant  particle  of  black  oxide  of  copper.  An  integrant 
particle  of  carbonic  acid,  as  I have  shewn  elsewhere,  weighs 
2.751,  and  an  integrant  particle  of  peroxide  of  copper  weighs 
10.  Now  2.751  is  to  10  as  16.7  is  to  bo. 75,  so  that  there  can 
be  no  doubt  that  the  carbonic  acid  and  oxide  of  copper  are 
united  in  the  ore.  As  to  the  oxide  of  iron,  I am  disposed  to 
consider  it  as  only  mechanically  mixed;  because  in  one  expe- 
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riment  I dissolved  almost  all  the  copper  without  touching  the 
iron.  Yet  it  deserves  attention,  that  77.4  and  19.5,  the  weight 
of  carbonate  of  copper  and  oxide  of  iron  found  by  the  pre- 
ceding analysis,  correspond  with  three  integrant  particles  of 
carbonate  of  copper,  and  one  integrant  particle  of  peroxide 
of  iron. 

We  were  previously  acquainted  with  two  other  native  spe- 
cies of  this  salt,  namely,  malachite  and  blue  carbonate  or  copper 
azure.  But  both  of  these  are  hydrous  carbonates  containing 
water  as  a constituent,  and  if  any  confidence  be  put  in  the 
analyses  of  Klaproth,  whose  precision  is  sufficiently  known, 
malachite  contains  twice  as  much  water  as  the  blue  carbonate. 
Blue  carbonate  is  a compound  of  one  integrant  particle  of 
water,  and  one  integrant  particle  of  carbonate  of  copper,  while 
malachite  contains  two  particles  of  water.  Our  ore  is  an  anhy- 
drous carbonate  of  copper.  When  heated  to  redness,  it  loses  its 
carbonic  acid,  but  undergoes  no  further  change.  Some  speci- 
mens lost  about  half  a grain  more  than  their  carbonic  acid. 
This  I ascribed  to  the  water  in  the  malachite,  with  which  the 
ore  was  occasionally  mixed. 
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IV.  The  Bakerian  Lecture : on  some  new  Electro-chemical  Phe- 
nomena. By  William  Thomas  Brande,  Esq . F.  R.  S.  Prof. 
Chem.  R.  I. 


Read  November  25,  1813. 

§•  I. 

It  has  been  ascertained  by  Sir  H.  Davy,  that  when  compound 
bodies  capable  of  transmitting  electricity  are  submitted  to  the 
operation  of  the  Voltaic  pile,  their  proximate  and  ultimate 
elements  are  separated  with  uniform  phenomena ; that  acids 
are  attracted  towards  the  positively  electrified  surface,  and 
that  alkaline  and  inflammable  substances  take  an  opposite 
direction  and  collect  at  the  negative  pole. 

Of  the  ultimate  chemical  elements  of  bodies,  the  greater 
number  exhibit  the  last  mentioned  character,  and  a few  only 
appear  to  be  attracted  towards  the  positive  extremity  of  the 
Voltaic  instrument;  and  as  bodies  possessed  of  dissimilar  elec- 
trical powers  attract  each  other,  it  has  been  concluded,  that 
the  inherent  electrical  state  of  the  former  is  positive,  that  of 
the  latter  negative. 

These  chemical  effects  were  at  first  regarded  as  peculiar 
to  the  Voltaic  pile,  and  were  considered  to  depend  upon  the 
operation  of  a new  agent,  termed  the  Galvanic  fluid,  until 
Dr.  Wollaston,  in  the  year  1801,*  succeeded  in  imitating 
the  effects  by  means  of  the  electrical  machine,  and  thus 

* Phil.  Trans.  1801,  p.  435. 
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experimentally  demonstrated  the  identity  of  common  and 
Voltaic  electricity. 

More  recent  investigations,  and  especially  the  admirable 
researches  of  Sir  H.  Davy,  have  fully  established  the  correct- 
ness of  these  views,  and  have  shewn  that  the  different  action 
of  the  Voltaic  pile  and  the  electrical  machine,  depends  chiefly 
upon  the  quantity  of  electricity  in  the  former  being  great, 
while  its  intensity  is  inconsiderable,  and  vice  versa. 

In  the  following  Lecture  I shall  have  the  honour  of  present- 
ing the  Royal  Society  with  some  new  inquiries  connected  with 
these  objects  of  research,  and  have  much  pleasure  in  ad- 
ducing facts  which  throw  further  light  upon  this  interesting 
department  of  chemical  science,  and  which  harmonize  with 
the  opinions  of  the  able  philosophers  alluded  to. 

§•  II. 

When  the  flame  of  a candle  is  placed  between  two  surfaces 
in  opposite  electrical  states,  the  negative  surface  becomes  most 
heated : this  circumstance  was  considered  by  Mr.  Cuthbert- 
son  as  indicating  the  passage  of  electric  fluid  from  the  positive 
to  the  negative  surface.* 

Mr.  ERMAN-f*  has  shewn  that  certain  substances  are  unipolar 
in  regard  to  the  electricity  of  the  Voltaic  pile ; that  is,  that 
they  are  only  susceptible  of  transmitting  one  kind  of  electri- 
city. The  insulated  flames  of  wax,  of  oil,  of  spirit  of  wine, 
and  of  hydrogen  gas,  only  conduct  positive  electricity ; dry 
soap,  on  the  contrary,  and  the  flame  of  phosphorus,  under  the 
same  circumstances,  only  transmit  negative  electricity. 

* Practical  Electricity. 

f Annales  de  Chimie,  1807,  Tom.  LXI.  p.  113. 
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Sir  H.  Davy*  considers  the  result  of  Mr  Cuthbertson's 
experiment  to  depend  upon  the  unipolarity  of  the  flame,  which 
would  render  it  positive,  and  cause  it  to  be  attracted  towards 
the  negative  pole. 

On  perusing  these  statements,  it  occurred  to  me  that  they 
admitted  of  another  explanation,  and  that  the  appearances 
might  be  connected  with  the  chemical  nature  of  the  substances 
employed.  I repeated  Mr.  Cuthbertson’s  experiment,  and 
found  that  when  the  electrical  machine  was  in  weak  action, 
the  negative  surface  not  only  became  hot  sooner  than  the 
positive,  but  that  the  smoke  and  flame  of  the  candle  were 
visibly  attracted  towards  it.  I now  removed  the  candle,  and 
substituted  the  flame  of  phosphorus,  when  the  appearances 
were  exactly  reversed : the  positive  surface  now  became  con- 
siderably warmer  than  the  negative,  and  the  flame  and  smoke 
of  the  phosphorus  were  powerfully  directed  upon  it.  I con- 
ceived, therefore,  that  the  flame  of  the  candle  was  attracted  by 
the  negative  pole,  in  consequence  of  the  carbon  and  hydrogen 
in  which  it  .abounds,  and  that  the  rapid  formation  of  acid 
matter  during  the  combustion  of  the  phosphorus,  was  the 
cause  of  its  attraction  towards  the  positive  pole : in  short,  that 
the  appearances  were  consistent  with  the  known  laws  of  elec- 
tro-chemical attraction. 

To  ascertain  the  correctness  of  this  idea,  it  became  neces- 
sary to  examine  the  phenomena  with  greater  precision,  and 
to  institute  the  more  extended  series  of  experiments,  which, 
with  their  results,  I shall  proceed  to  detail. 

The  apparatus  employed  consisted  of  two  insulated  brass 
balls  capable  of  being  brought  near  to,  or  removed  from  each 
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other,  with  a small  table  between  them,  as  represented  in  the 
annexed  drawing.  (PL  II.) 

When  it  was  necessary  to  ascertain  the  relative  tempera- 
tures of  the  balls  with  accuracy,  I made  use  of  the  instrument, 
fig.  2,  devised  by  Mr.  Pepys,  in  which  a a represent  two  thin 
spheres  of  brass  containing  delicate  thermometers,  the  bulbs 
of  which,  as  well  as  the  interior  of  the  spheres,  were  coated 
with  lamp  black,  to  render  the  increase  of  temperature  more 
evident.  One  of  the  balls  was  connected  with  the  negative, 
the  other  with  the  positive  conductor  of  a small  electrical 
machine  of  Mr.  Nairne’s  construction,  as  represented  in 
fig-  h so  that  the  apparatus  was  perfectly  insulated. 

§.  III. 

Exp.  1.  A small  stream  of  olefiant  gas  was  burned  between 
the  balls.  The  flame  was  evidently  attracted  towards  the 
negative  side.  The  combustion  was  continued  for  one  minute. 
At  the  commencement  of  the  experiment,  the  mercury  in  the 
thermometers  stood  at  6o°  Fahrenheit  ; at  its  termination 
the  positive  thermometer  indicated  6z°,  the  negative  72*. 

2.  The  experiment  was  repeated  with  sulphuretted  hydro- 
gen : the  flame  was  now  only  slightly  attracted  by  the  nega- 
tive ball,  but  the  sulphureous  acid  vapour  passed  off  towards 
the  positive  surface. 

In  this  experiment  the  positive  thermometer  rose  30,  and 
the  negative  thermometer  6°  in  one  minute. 

3.  A very  small  flame  of  phosphuretted  hydrogen  was 
slightly  bent  towards  the  positive  pole.  In  one  minute  it 
produced  an  effect  upon  the  positive  thermometer  = 50,  upon 
the  negative  = 30.  When  a larger  flame  was  used,  it 
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appeared  equally  drawn  towards  the  two  electrical  poles,  but 
the  acid  vapour  passed  off  in  the  direction  of  the  positive  ball. 

4.  The  flame  of  arsenicated  hydrogen  was  attracted  by  the 
negative  surface:  the  fumes  of  white  arsenic  produced  during 
the  combustion  were  slightly  attracted  towards  the  positive 
pole. 

5.  The  flame  of  hydrogen  appeared  weakly  attracted  by 
the  negatively  electrified  ball,  but  on  employing  the  apparatus 
with  thermometers,  the  rise  was  nearly  equal  on  both  sides. 
In  one  experiment,  made  with  much  caution,  the  thermome- 
ters stood  at  its  commencement  at  56°.  The  gas  was  burned 
for  two  minutes : the  negative  thermometer  rose  to  62°,  the 
positive  to  6i°. 

In  a second  experiment,  the  combustion  was  continued  for 
five  minutes:  the  effect  upon  the  negative  thermometer  was 
= 4®,  that  upon  the  positive  = 2 ,/f. 

6.  With  a very  small  stream  of  carbonic  oxide,  the  results 
were  still  less  distinct.  The  tip  of  the  flame  appeared  in  some 
cases  to  be  slightly  inclined  towards  the  positive  ball,  but  one 
thermometer  was  not  more  affected  than  the  other. 

On  substituting  a larger  current  of  the  gas,  which  produced 
a flame  between  three  and  four  inches  in  length,  it  was  much 
more  evidently  directed  to  the  positive  surface,  but  the  rise 
in  the  positive  thermometer  was  less  than  might  have  been 
expected.  In  several  cases  where  the  combustion  was  con- 
tinued for  two  minutes,  the  rise  in  the  positive  thermometer 
did  not  exceed  that  of  the  negative  more  than  2,5  to  3 de- 
grees. 

7.  Sulphur,  in  a state  of  combustion,  was  placed  between 
the  oppositely  electrified  balls.  The  flame  being  extremely 
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small,  its  direction  could  not  be  observed,  but  the  sulphureous 
acid  vapour  was  attracted  by  the  positive  ball. 

8.  Th q flame  of  the  sulphuret  of  carbon  (sulphuretted  liquor 
of  Lampadius)  was  attracted  by  the  negative  surface:  the  acid 
fumes  which  it  throws  off  took  an  opposite  direction. 

g.  When  phosphorus  in  a state  of  vivid  combustion  was 
introduced  into  the  electrical  circuit,  the  flame,  and  the  phos- 
phoric acid  produced,  were  powerfully  directed  towards  the 
positive  surface. 

The  acid  vapour  which  arises  from  phosphorus,  during  its 
slow  combustion  in  a warm  atmosphere,  is  also  attracted  by 
the  positively  electrified  ball. 

10.  A small  stream  of  muriatic  acid  gas  was  allowed  to  pass 
into  the  atmosphere  between  the  electrified  spheres ; it  was 
immediately  attracted  to  the  positive  pole.  This  effect  is  ren- 
dered more  evident  by  the  diffusion  of  a small  quantity  of 
ammonia  through  the  atmosphere  of  the  room  in  which  the 
experiment  is  made. 

The  attraction  of  the  muriatic  acid  is  strikingly  exhibited 
by  coating  the  conductors  with  litmus  paper,  placing  them  at 
a distance  of  about  six  inches  asunder,  and  propelling  a cur- 
rent of  the  gas  through  a small  tube  between  them.  If  the 
electrical  machine  is  not  in  too  powerful  action,  the  positive 
ball  is  instantly  reddened,  while  the  blue  colour  of  the  negative 
surface  remains  unaltered. 

11.  Nitrous  acid  gas  exhibited  the  same  appearances  as 
muriatic  acid. 

12.  Potassium  in  a state  of  combustion  was  placed  between 
the  electrified  surfaces.  Its  flame,  and  the  alkaline  fumes  it 
produces,  were  drawn  to  the  negative  conductor. 
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13.  Ammonia  afforded  no  very  distinct  results.  I attempted 
to  ascertain  its  electrical  state  by  disengaging  it  through  a 
small  tube  placed  between  the  conductors,  the  atmosphere 
being  slightly  tainted  with  muriatic  acid;  but  it  was  apparently 
equally  attracted  and  repelled  by  the  electrical  surfaces.  When 
the  conductors  were  coated  with  turmeric  paper,  the  negative 
appeared  sooner  reddened  than  the  positive,  but  in  a very 
short  time  the  effect  upon  each  became  equal. 

14.  Benzoic  acid  evolved  by  gently  heating  benzoin  between 
the  electrical  poles,  was  attracted  to  the  positive  side ; but 
when  the  balsam  took  fire,  the  flame  and  carbonaceous  matter 
were  immediately  drawn  in  an  opposite  direction. 

I heated  some  pure  benzoic  acid  placed  upon  a silver  cap- 
sule, between  the  balls ; as  long  as  the  temperature  was  only 
sufficient  to  raise  it  in  vapour,  it  took  the  positive  direction  ; 
but  the  moment  that  the  acid  was  inflamed,  the  carbonaceous 
fumes  passed  to  the  negative  side. 

15.  Camphor  during  its  combustion  throws  off*  a large 
quantity  of  charcoal,  and  when  burned  between  the  opposite 
electrical  surfaces,  furnishes  a good  instance  of  the  attraction 
of  that  substance  by  the  negative  pole,  which  soon  becomes 
coated  with  it,  the  positive  ball  being  much  less  soiled. 

16.  The  resinous  bodies  in  general  exhibited  the  same  ap- 
pearances as  camphor:  when  in  a state  of  combustion,  both 
the  flame  and  smoke  were  repelled  by  the  positive,  and  at- 
tracted by  the  negative  pole. 

17.  Amber,  on  the  contrary,  presented  phenomena  nearly 
similar  to  those  of  benzoin.  When  brought  into  a state  of 
fusion,  its  acid  vapour  was  attracted  by  the  positive  ball,  but 
when  made  to  burn,  an  opposite  effect  was  produced. 
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§•  iv. 

In  the  preceding  detail  of  experiments,  such  only  have  been 
selected  as  were  attended  with  marked  results.  The  electrical 
energies  of  many  other  substances  were  examined  and  com- 
pared, but  no  new  facts  were  ascertained,  nor  were  any 
circumstances  observed  which  interfere  with  the  inferences 
suggested  by  the  above  statement. 

To  insure  accuracy,  each  of  the  experiments  was  severay 
times  repeated  in  the  presence  and  with  the  assistance  of  some 
of  my  chemical  friends,  and  the  results  were  uniform  when 
proper  precautions  were  attended  to.  It  is  especially  neces- 
sary to  operate  in  a quiet  atmosphere,  and  to  employ  a feeble 
electrical  power,  for  if  the  machine  is  too  strongly  excited, 
the  substances  under  examination  are  alternately  attracted  and 
repelled  between  the  poles,  especially  if  insulated,  or  non-con- 
ductors of  electricity.  The  balls  were  usually  withdrawn  from 
each  other  to  a distance  of  four  inches,  and  the  subject  of  expe- 
riment placed  equidistant  between  them.  The  poles  too  were 
occasionally  changed,  by  moving  the  connecting  wires  from 
one  ball  to  the  other,  with  a view  to  insure  correctness  by 
observing  the  change  thus  produced  in  the  direction  of  the 
flame  or  vapour. 

The  experiments  were  sometimes  varied,  by  using  the 
Leyden  jar  with  a sliding  electrometer  connected  with  its 
outer  surface:  the  substance,  the  electricity  of  which  was  to 
be  examined,  was  placed  between  the  ball  of  the  charged  jar, 
and  that  of  the  electrometer. 

Regarding  these  experiments,  as  connected  with  electro- 
chemical theory,  they  appear  to  furnish  a more  evident  proof 
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than  has  hitherto  been  offered,  of  the  inherent  electrical  states 
of  matter,  which  are  decidedly  exhibited  by  the  attractions 
and  repulsions  between  the  opposite  poles;  and  when  con- 
nected with  Dr.  Wollaston's  researches,  to  which  I have 
elsewhere  alluded,  they  amply  demonstrate  the  identity  in 
chemical  powers  of  common  and  Voltaic  electricity. 

The  attraction  of  acids  by  the  positively  electrified  surface, 
and  of  alkalies  and  inflammables  by  that  which  is  negatively 
electrified,  is  thus  easily  exhibited;  and  the  theory  which 
regards  their  mutual  attractive  energies,  as  dependent  upon 
their  opposite  electrical  states,  confirmed  by  experiments,  not 
less  decisive,  than  those  in  which  the  Voltaic  instrument  was 
em  ployed. 

Of  the  former  class  phosphorus  in  slow,  and  in  rapid  com- 
bustion, and  benzoic  acid,  furnish  the  most  striking  instances; 
and  of  the  latter,  the  combustion  of  potassium  and  of  camphor 
are  excellent  examples. 

There  are,  however,  some  circumstances  which  appear 
difficult  to  explain,  and  which  have  not  turned  out  as  might 
have  been  expected  a priori.  The  combustion,  for  instance,  of 
carburetted  hydrogen  gives  rise  to  the  production  of  water 
and  carbonic  acid,  but  its  flame  is  entirely  and  powerfully  at- 
tracted by  the  negative  surface ; and  carbonic  oxide,  which 
produces  carbonic  acid,  is  not  very  evidently  attracted  by  either 
pole,  unless  the  flame  be  of  a very  large  size.  It  may,  how- 
ever, be  conceived  with  regard  to  carburetted  hydrogen,  that 
the  carbonic  acid  which  is  formed  does  actually  pass  off  to  the 
positive  surface,  and  that  the  polarity  of  its  flame  is  influenced 
rather  by  the  combustible,  than  by  the  product  of  combustion : 
this  idea  is  in  some  measure  sanctioned  by  the  appearances 
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exhibited  by  the  flame  of  the  sulphuret  of  carbon,  which  is 
directed  towards  the  negative  ball,  although  the  sulphureous 
acid  visibly  passes  towards  the  positive  side,  and  it  is  fair  to 
infer,  that  the  carbonic  acid  accompanies  it. 

An  attempt  was  made  to  detect  the  carbonic  acid  by  means 
of  caustic  potash  : for  this  purpose  a piece  of  linen,  moistened 
with  the  alkaline  solution,  was  applied  to  each  conductor,  and 
a current  of  carbonic  acid,  issuing  from  a small  tube,  was  di- 
rected between  them.  The  linen  was  then  put  into  dilute 
muriatic  acid,  and  it  was  expected  that  the  effervescence  would 
be  greatest  in  that  removed  from  the  positive  pole;  this  gene- 
rally appeared  to  be  the  case,  but  I cannot  say  that  the  results 
were  satisfactorily  distinct,  nor  indeed  does  the  method  admit 
of  the  accuracy  required. 

The  experiments  related  in  the  second  section  of  this  lec- 
ture, suggest  an  explanation  of  the  phenomena  alluded  to,  as 
observed  by  Mr.  Erman,  more  consonant  with  the  known 
laws  of  electricity  than  that  which  he  has  suggested.  The 
flame,  for  instance,  of  oil,  wax,  &c.  must  be  considered  as 
consisting  chiefly  of  those  bodies  in  a state  of  vapour,  and 
their  natural  electricities  being  positive,  it  is  obvious,  that, 
when  connected  with  th e positive  pole  of  the  battery,  and  with 
a gold  leaf  electrometer,  the  leaves  will  continue  to  diverge, 
but  when  applied  to  the  negative  pole,  that  electrical  state  will 
be  annihilated  by  the  inherent  positive  energy  of  the  flame, 
and  consequently  the  leaves  of  the  negative  electrometer  will 
not  diverge.  On  the  other  hand,  the  flame  of  phosphorus  is 
negatively  unipolar.  Now  it  has  been  shewn,  that  this  flame, 
(owing  probably  to  the  rapidity  with  which  it  is  forming  a 
powerful  acid  by  combination  with  a large  portion  of  oxygen,) 
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is  attracted  by  the  positively  electrified  surface,  and  conse- 
quently that  it  is  itself  negative,  so  that  it  would  transmit 
negative  electricity  to  the  electrometer,  but  would  annihilate 
the  positive  power,  and  thus  appear  as  an  insulator  under  the 
particular  circumstances  which  Mr.  Erman  has  described. 
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V.  An  Account  of  some  new  Experiments  on  the  fluoric  Compounds ; 

with  some  Observations  on  other  Objects  of  Chemical  Inquiry. 

By  Sir  H.  Davy,  LL.  D.  F.  R.  S.  V.  P.  R.  L 

Read  February  13,  1814. 

In  this  Paper  I shall  offer  to  the  Society  a continuation  of  those 
researches,  the  details  of  which  have  been  already  honoured 
with  a place  in  their  Transactions ; and  I trust,  that  the  ex- 
periments and  observations  which  I have  to  communicate,  will 
be  found  to  elucidate  some  important  but  obscure  parts  of 
chemical  philosophy. 

In  the  last  Paper,  which  I had  the  honour  of  presenting  to 
this  Body,  I have  given  an  account  of  a number  of  experi- 
ments made  with  a view  of  decomposing  the  fluoric  acid:  the 
most  probable  inference,  from  my  results,  was  that  the  pure 
liquid  fluoric  acid  consists  of  hydrogen  united  to  a substance, 
which,  from  its  strong  powers  of  combination,  has  not  as  yet 
been  procured  in  a separate  form,  but  which  is  detached  from 
hydrogen  by  metals,  and  which,  in  union  with  the  basis  of  the 
boracic  acid  and  silica,  forms  the  fluo-boric  and  silicated  fluoric 
gases. 

All  the  new  experiments,  that  I have  made  on  the  fluoric 
compounds, tend  to  confirm  this  idea;  and  the  various  attempts 
that  I have  made,  since  the  last  session,  to  decompose  the 
principle  in  the  fluoric  acid  separated  at  the  negative  surface 
in  Voltaic  combinations,  have  been  unsuccessful. 

I have  found  that  fluate  of  lead,  the  substance  formed  by 
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the  action  of  a soluble  salt  of  lead  on  fluate  of  potassa  or  fhiate 
of  ammonia,  is  immediately  decomposed,  when  moist,  by  am- 
moniacal  gas,  and  a white  powder  separates  from  it,  which 
must  contain  oxygen,  as  it  gives  carbonic  acid  by  being  ignited 
with  charcoal;  but  dry  fluate  of  lead  may  be  fused  in  ammo- 
nia without  undergoing  the  slightest  alteration,  and  the  pre- 
sence of  water,  which  may  furnish  oxygen  to  the  lead  and 
hydrogen  to  the  fluoric  principle,  seems  absolutely  necessary 
for  the  production  of  oxidated  bodies  from  the  fluoric  combi- 
nations. 

I obtained  analogous  results  by  acting  on  silicated  fluate  of 
ammonia  and  fluo-borate  of  ammonia  by  chlorine;  when  the 
salts  were  moist,  or  when  the  gas  was  not  free  from  vapour, 
silica  and  boracic  acid  were  formed  in  small  quantities,  but 
when  water  was  carefully  excluded,  these  bodies  did  not 
appear;  and  the  results  were  muriate  of  ammonia  and  silicated 
fluoric  gas,  or  fluo-boric  gas  and  azote. 

I ignited  two  points  of  charcoal  intensely  in  fluo-boric  and 
Silicated  fluoric  acid  gases,  pure,  and  mixed  with  oxygen;  but 
no  change,  indicating  a decomposition,  took  place ; the  only 
new  product  was  a little  inflammable  gas,  which  was  probably 
disengaged  from  the  charcoal. 

I passed  pure  liquid  fluoric  acid  over  charcoal  ignited  to  white- 
ness, in  a platinum  tube ; no  carbonic  add  was  formed,  and  a 
very  minute  quantity  of  gas  only  was  produced,  which  proved 
to  be  hydrogen. 

I mentioned  in  my  last  communication  to  the  Society,  that 
I had  made  several  experiments  on  the  composition  of  the 
flu  ate  s;  since  that  time  I have  repeated  some  of  the  processes, 
and  I shall  detail  such  of  the  results  as  appear  to  be  most 
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correct.  In  experiments  on  the  fluates,  it  is  very  difficult  to 
exclude  sources  of  inaccuracy;  glass  vessels  cannot  be  used, 
and  even  silver  and  platinum  vessels  are  slightly  acted  upon 
by  the  pure  fluoric  combinations  soluble  in  water. 

Fluor  spar  decomposed  by  sulphuric  acid  increases  more 
than  three-fourths  of  its  original  weight;  but  to  produce  this 
result  several  successive  distillations  of  it  with  fresh  portions 
of  acid  are  necessary,  and  the  spar  must  be  in  very  fine  powder, 
and  the  result  must  be  powdered  after  every  operation. 

In  an  experiment  made  in  a crucible  of  platinum,  in  which 
very  pure  white  Derbyshire  spar  was  used,  and  sulphuric  acid 
distilled  in  glass  vessels,  and  in  which  the  product  was  heated 
to  whiteness  in  every  operation,  100  grains  became  in  the  first 
operation  1594  grains,  which  gained 


in  the  second 

6-9 

in  the  third 

4.2 

in  the  fourth 

i-9 

in  the  fifth 

1.6 

in  the  sixth 

0.9 

in  the  seventh  - 

0.3 

in  the  eighth 

-.0 

Total  increase 

75-2 

If  this  result  be  calculated  upon,  supposing  the  number 
representing  calcium  to  be  40,  as  I have  given  it  in  my  Ele- 
ments of  Chemical  Philosophy,  the  number  representing 
fluorine  will  be  34  2,  and  fluor  spar  must  be  supposed  to  be 
composed  of  40  calcium,  and  34.2  fluorine. 

£2  grains  of  fused  subcarbonate  of  potassa  decomposed  by 
diluted  liquid  fluoric  acid,  in  an  experiment  made  with  great 
care,  was  found  to  afford  18.15  grains  of  dry  fiuate  of  potassa; 
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and  by  a very  careful  analysis,  it  was  found  that  this  subcar- 
bonate contained  31  per  cent,  of  carbonic  acid ; now,  if  the 
remainder  of  the  salt  be  supposed  to  be  pure  potassa,  and  the 
calculations  be  made  on  this  idea,  it  will  appear  that  fluate  of 
potassa  must  consist  of  125.9  °f  potassium  and  54.74  of  fluo- 
rine, and  the  number  representing  fluorine  must  be  regarded 
as  32.6. 

The  18.15  grains  of  fluate  of  potassa  decomposed  by  sul- 
phuric acid  afforded  38.5  of  acid  sulphate  of  potash.  Suppos- 
ing acid  sulphate  of  potassa  to  consist  of  two  proportions  of 
sulphuric  acid  150,  and  one  of  potassa  90,  they  ought  to  have 
given  40  grains,  and  this  loss  is  no  more  than  might  be  ex- 
pected in  the  process  of  decomposition  and  evaporation. 

In  some  experiments  that  I made  on  the  decomposition  of 
the  hydrates  of  potassa  and  soda,  when  decomposed  by  fluoric 
acid,  the  results  indicated  a number  for  fluorine  a little  lower. 
Thus  20  grains  of  hydrate  of  potassa  were  converted  into  19.8 
grains  of  fluate  of  potassa,  and  20  grains  of  hydrate  of  soda 
into  19.6  of  fluate  of  soda;  but  I do  not  place  so  much  confi- 
dence in  these  results,  as  there  always  was  great  heat  pro- 
duced during  the  action  of  the  acid  upon  the  hydrates;  and 
probably  a minute  quantity  of  the  hydrates  might  have  been 
dissipated  at  the  beginning  of  the  process. 

It  appears  reasonable  to  conclude,  as  I have  stated  in  my 
last  paper,  published  in  the  Philosophical  Transactions,  that 
the  number  representing  fluorine  is  less  than  half  of  that  re- 
presenting chlorine,  about  33. 

I endeavoured  to  ascertain  the  composition  of  fluate  of  am- 
monia, by  adding  together  hydro-fluoric  acid  and  solution  of 
ammonia  of  known  composition,  and  I found  in  this  way,  that 
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100  parts  of  solution  of  ammonia  of  specific  gravity  9162  re- 
quired for  its  saturation  52  grains  of  diluted  fluoric  acid  of 
such  a strength,  that  an  equal  portion  produced  exactly  32 
grains  of  fluate  of  potassa.  According  to  this  experiment  fluate 
of  ammonia  must  consist  of  9.7  of  fluorine  to  22  of  ammonia  ;* 
and,  if  it  be  conceived  that  liquid  fluoric  acid  consists  of  two 
proportions  of  hydrogen  to  one  of  fluorine,  the  true  compo- 
sition of  fluate  of  ammonia  will  be  one  proportion  of  fluoric  • 
acid  35,  and  two  proportions  of  ammonia  64.^ 

The  volatility  of  fluate  of  ammonia  rendered  it  impossible 
to  ascertain  by  evaporation  the  real  quantity  of  solid  salt 
formed,  though  the  heat  was  never  raised  so  high  as  that  of 
boiling  water,  yet  only  12.7  grains  of  solid  fluate  of  ammonia 
could  be  procured. 

Two  hundred  cubical  inches  of  ammonia,  which  weigh  36 
grains,  condense  one  hundred  cubical  inches  of  silicated  fluoric 
gas,  weighing,  under  the  same  circumstances,  1 10.7,  and  if  it 
be  supposed  that  silicated  fluate  of  ammonia  contains  one  pro- 
portion of  silicated  fluoric  acid  and  one  of  ammonia,  then  the 
number  representing  silicated  fluoric  gas  will  be  98.4,  and  it 
may  be  conceived  to  consist  of  two  proportions  of  fluorine  66, 
and  one  of  the  siliceous  basis  32.4. 

According  to  the  experiments  of  John  Davy,  100  parts  of 
silicated  fluoric  acid  afford  61.4  of  silica  when  decomposed 
by  aqueous  solution  of  ammonia,  hence  silica  may  be  con- 
ceived to  consist  of  32.4  of  basis  and  29  of  oxygen,  and  this 
is  very  near  two  proportions  of  oxygen. 

* See  Elements  of  Chemical  Philosophy,  page  268. 

f That  is,  if  ammonia  be  regarded  as  composed  of  one  proportion  of  azote  26,  and 
six  of  hydrogen. 
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I decomposed  20  grains  of  silicated  fluate  of  ammonia  by 
solution  of  ammonia,  and  I obtained  9 2 grains  of  silica.  This 
result  olfers  proportions  very  little  different  from  those  gained 
in  the  preceding  calculations. 

I have  made  some  direct  experiments  with  the  hopes  of 
determining  the  proportions  of  oxygen  in  silica,  but  they 
have  been  unsuccessful ; I have  ascertained,  however,  that  it 
requires  more  than  three  parts  of  potassium  to  decompose  one 
part  of  silica,  which  shews  that  this  substance  cannot  contain 
much  less  than  half  its  weight  of  oxygen. 

I have  endeavoured  to  separate  the  siliceous  basis  in  a pure 
form,  with  the  view  of  making  synthetical  experiments  on  its 
nature  by  combustion  in  oxygen,  and  my  results,  though  not 
perfectly  satisfactory,  yet  seem  worthy  of  notice,  and  may 
lead  to  more  successful  attempts. 

I decomposed  silica  by  passing  potassium  in  excess  through 
it,  in  a heated  tube  of  platinum : the  result  consisted  chiefly 
of  alkali  containing  a dark  coloured  powder,  the  basis  of  silica 
diffused  through  it.  I fused  the  whole  mass  with  sulphur, 
which,  in  combining  with  the  dry  alkali,  produced  ignition.  I 
attempted  to  detach  the  sulphuret  of  potassa  by  water:  in  this 
case  the  dark  particles  separated,  but  during  their  separa- 
tion and  after,  they  acted  upon  the  water  of  the  solution  pro- 
ducing gas,  and,  in  attempting  to  collect  them  by  the  filter,  I 
failed  to  procure  sufficient  for  examination,  for  they  were 
principally  converted  into  silica. 

I heated  the  substance  procured  in  another  experiment  of 
this  kind  with  hydrate  of  potassa ; in  this  case  there  was  a 
copious  effervescence,  and  silica  appeared  to  be  reproduced  and 
dissolved  by  the  alkali. 
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I heated  a portion  of  a similar  result  in  strong  lixivium  of 
potassa  ; the  solution  gained  a tint  of  olive,  but  there  was 
scarcely  any  effervescence ; from  this  it  seems  probable,  that 
the  inflammable  basis  of  silica,  like  boron,  is  soluble  in  alkaline 
solutions  without  decomposing  them. 

Indeed  this  body,  in  its  general  characters,  appears  very 
analogous  to  boron.  It  appears  to  be  neither  volatile  nor 
fusible  ; its  oxide  exerts,  like  boracicacid,a  neutralizing  power 
on  the  alkalies,  though  of  a feebler  kind,  and  forms,  like 
boracic  acid,  vitreous  bodies  with  the  alkaline  earths,  and,  like 
boron,  the  siliceous  basis  in  combination  with  fluorine  consti- 
tutes a powerful  acid. 

In  my  first  views  of  the  nature  of  the  boracic  and  siliceous 
bases,  I thought  it  probable  that  they  would  both  appear  as 
metals,  if  they  could  be  entirely  freed  from  oxygen ; but  it 
now  seems  more  probable,  that  they  form  a class  by  them- 
selves, offering  a kind  of  link  in  the  chain  of  natural  bodies, 
when  arranged  according  to  their  analogies,  between  char- 
coal, and  sulphur  and  phosphorus. 

It  seems  worthy  of  an  experimental  inquiry,  whether  the 
siliceous  basis  may  not  be  obtained  pure  by  heating  the  result 
procured  from  silica  by  potassium  with  pure  sulphuric  acid, 
which  might  possibly  detach  the  potassa  to  form  acid  sulphate 
of  potassa,  without  being  decomposed  by  the  inflammable 
basis. 

I have  made  many  new  experiments  with  the  hope  of  de- 
composing chlorine,  but  they  have  been  all  unavailing ; nor 
have  I been  able  to  gain  the  slightest  evidence  of  the  existence 
of  that  oxygen  which  many  persons  still  assert  to  be  one  of 
its  elements. 
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I kept  sulphuretof  lead  for  some  time  in  fusion  in  chlorine, 
the  results  were  sulphurane  (Dr.  Thomson's  liquor)  and 
plumbane  (muriate  of  lead);  not  an  atom  of  sulphate  of  lead 
was  formed  in  the  experiment,  though  if  any  oxygen  had  been 
present,  this  substance  might  have  been  expected  to  have  been 
produced. 

I heated  plumbane  (muriate  of  lead)  in  sulphurous  acid  gas, 
and  likewise  in  carbonic  acid  gas,  but  no  change  was  pro- 
duced; now,  if  oxygen  had  existed  either  in  chlorine,  or  in 
its  combination  with  lead,  there  is  every  reason  to  believe, 
that  the  attractions  of  the  substances  concerned  in  these  ex- 
periments would  have  been  such  as  to  have  produced  the 
insoluble  and  fixed  salts  of  lead,  the  sulphate  in  the  first  case, 
and  the  carbonate  in  the  second. 

I shall  not  enter  into  any  discussion  upon  the  experiments 
in  which  water  is  said  to  be  produced  by  the  action  of  muriatic 
gas  on  ammonia  : there  is,  I believe,  no  enlightened  and  can- 
did person,  who  has  witnessed  the  results  of  processes  in 
winch  large  quantities  of  muriate  of  ammonia,  made  by  the 
combination  of  the  gases  in  close  vessels,  have  been  distilled, 
without  being  satisfied,  that  there  is  no  more  moisture  pre- 
sent, than  the  minute  quantity  which  is  known  to  exist  in  the 
compound  vapours  diffused  through  ammoniacal  and  muriatic 
acid  gases,  which  cannot  be  considered  either  as  essential  to 
the  existence  of  the  gases,  or  as  chemically  combined  with 
them.* 

# Dr.  Henry  found  it  very  difficult  to  free  ammonia  from  the  aqueous  vapour 
existing  in  it  by  hydrate  of  potassa,  and  probably  the  hydrated  muriatic  vapour  which 
I have  detected  in  muriatic  acid  gas,  by  a freezing  mixture,  is  not  decomposable  by 
muriate  of  lime. 
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One  of  the  first  experiments  that  I made,  with  the  hope  of 
detecting  oxygen  in  chlorine,  was  by  acting  upon  it  by  am- 
monia, when  I found  that  no  water  was  formed,  and  that  the 
results  were  merely  muriate  of  ammonia  and  azote  ;*  and  the 
driest  muriate  of  ammonia,  I find,  when  heated  with  potas- 
sium, converts  it  into  muriate  of  potassa,  which  result  would 
be  impossible  on  the  hypothesis  of  oxymuriatic  gas  being  a 
compound  of  oxygen,  for,  if  there  was  a separation  of  water 
during  the  formation  of  the  muriate,  the  same  oxygen  could 
not  be  supposed  to  be  detached  in  water,  and  yet  likewise  to 
remain  so  as  to  form  part  of  a neutral  salt. 

If  water  had  been  really  formed  during  the  action  of  chlo- 
rine on  ammonia,  the  result  would  have  been  a most  impor- 
tant one : it  would  have  proved  either  that  chlorine  or  azote 
was  a compound,  and  contained  oxygen,  or  that  both  contained 
this  substance  ; but  it  would  not  have  proved  the  existence  of 
oxygen  in  chlorine,  till  it  had  been  shewn  that  the  azote  of 
the  ammonia  was  unchanged  in  the  operation. 

Some  authors  continue  to  write  and  speak  with  scepticism 
on  the  subject,  and  demand  stronger  evidence  of  chlorine 
being  undecompounded.  These  evidences  it  is  impossible  to 
give.  It  has  resisted  all  attempts  at  decomposition.  In  this 
respect,  it  agrees  with  gold,  and  silver,  and  hydrogen,  and 
oxygen.  Persons  may  doubt,  whether  these  are  elementary 
bodies;  but  it  is  not  philosophical  to  doubt,  whether  they  have 
not  been  resolved  into  other  forms  of  matter. 

By  the  same  mode  of  reasoning,  as  that  in  which  oxygen 
is  conceived  to  exist  in  chlorine,  any  other  species  of  matter 
might  be  supposed  to  form  one  of  its  constituent  parts ; and 

* Philosophical  Transactions  for  1810. 
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by  multiplying  words  all  the  phenomena  might  be  satisfac- 
torily explained.  Thus  in  the  simple  view  of  the  formation 
of  muriatic  acid,  it  is  said  one  volume  of  chlorine  combines 
with  one  of  hydrogen,  and  they  form  two  volumes  of  muriatic 
acid  gas.  In  the  hypothesis  of  chlorine  containing  oxygen, 
it  is  said,  the  oxygen  of  the  chlorine  combines  with  the  hy- 
drogen to  form  water,  and  this  water  unites  to  an  unknown 
something,  or  dry  muriatic  acid,  to  produce  a gaseous  body. 
If  it  were  asserted  that  chlorine  contained  azote,  oxygen,  and 
this  unknown  body,  then  it  might  be  said,  that,  in  the  action 
of  hydrogen  on  chlorine,  the  azote,  the  oxygen  and  the  chlo- 
rine, having  all  attractions  for  hydrogen,  enter  into  union  with 
it,  and  form  a quadruple  compound. 

Professor  Berzelius  has  lately  adduced  some  arguments, 
which  he  conceives  are  in  favour  of  chlorine  being  a compound 
of  oxygen  from  the  laws  of  definite  proportions  ; but  I cannot 
regard  these  arguments  of  my  learned  and  ingenious  friend 
as  possessing  any  weight.  By  transferring  the  definite  pro- 
portions of  oxygen  to  the  metals,  which  he  has  given  to  chlo- 
rine, the  explanation  becomes  a simple  expression  of  facts; 
and  there  is  no  general  canon  with  respect  to  the  multiples 
of  the  proportions  in  which  different  bodies  combine.  Thus 
azote  follows  peculiar  laws  in  combining  with  every  different 
body;  it  combines  with  three  volumes  of  hydrogen,  with  half 
a volume  of  oxygen,  with  1.2  and  of  the  same  body,  and 
with  four  volumes  of  chlorine. 

The  chemists  in  the  middle  of  the  last  century  had  an  idea, 
that  all  inflammable  bodies  contained  phlogiston  or  hydrogen. 
It  was  the  glory  of  Lavoisier  to  lay  the  foundations  for  a 
sound  logic  in  chemistry,  by  shewing  that  the  existence  of 
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this  principle,  or  of  other  principles,  should  not  be  assumed 
where  they  could  not  be  detected. 

In  all  cases,  in  which  bodies  support  combustion  or  form 
acids,  oxygen  has  been  supposed  by  the  greater  number  of 
modern  chemists  to  be  present ; but  as  there  are  many  dis- 
tinct species  of  inflammable  bodies,  so  there  may  be  many 
distinct  species  of  matter  which  combine  with  them  with  so 
much  energy,  as  to  produce  heat  and  light;  and  various  bodies 
appear  capable  of  forming  acids;  thus  hydrogen  enters  into 
the  composition  of  nearly  as  many  acids  as  oxygen,  and  three 
bodies,  namely,  sulphuretted  hydrogen,  muriatic  acid,  and 
fluoric  acid  which  contain  hydrogen,  are  not  known  to  contain 
oxygen.  The  existence  of  oxygen  in  the  atmosphere,  and  its 
action  in  the  economy  of  nature,  and  in  the  processes  of  the 
arts,  have  necessarily  caused  it  to  occupy  a great  portion  of 
the  attention  of  chemists,  and,  being  of  such  importance,  and 
in  constant  operation,  it  is  not  extraordinary,  that  a greater 
number  of  phenomena  should  be  attributed  to  it,  than  it  really 
produces. 

In  the  views  that  I have  ventured  to  develope,  neither  oxy- 
gen, chlorine,  or  fluorine,  are  asserted  to  be  elements ; it  is 
only  asserted,  that,  as  yet,  they  have  not  been  decomposed. 

As  the  investigation  of  nature  proceeds,  it  is  not  improbable, 
that  other  more  subtile  bodies  belonging  to  this  class  will  be 
discovered,  and  perhaps  some  of  the  characteristic  differences 
of  those  substances,  which  apparently  give  the  same  products 
by  analysis,  may  depend  upon  this  circumstance. 

The  conjecture  appears  worth  hazarding,  whether  the  car- 
bonaceous matter  in  the  diamond  may  not  be  united  to  an 
extremely  light  and  subtile  principle  of  this  kind,  which  has 
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hitherto  escaped  detection,  but  which  may  be  expelled,  or 
newly  combined,  during  its  combustion  in  oxygen.  That 
some  chemical  difference  must  exist  between  the  hardest  and 
most  beautiful  of  the  gems  and  charcoal,  between  a non-con- 
ductor and  a conductor  of  electricity,  it  is  scarcely  possible, 
notwithstanding  the  elaborate  experiments  that  have  been 
made  on  the  subject,  to  doubt:  and  it  seems  reasonable  to 
expect,  that  a very  refined  or  perfect  chemistry  will  confirm 
the  analogies  of  nature,  and  shew  that  bodies  cannot  be  ex- 
actly the  same  in  composition  or  chemical  nature,  and  yet 
totally  different  in  all  their  physical  properties. 
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VI.  Some  Experiments  and  Observations  on  a new  Substance  which 
becomes  a violet  coloured  Gas  by  Heat.  By  Sir  Humphry 
Davy,  Knt.  LL.  D.  F.  R.  S. 

Read  January  20,  1814. 

A new  and  a very  curious  substance  has  recently  occupied 
the  attention  of  chemists  at  Paris. 

This  substance  was  accidentally  discovered  about  two  years 
ago  by  M.  Courtois,  a manufacturer  of  saltpetre  at  Paris.  In 
his  processes  for  procuring  soda  from  the  ashes  of  sea  weeds, 
(cendres  de  vareck)  he  found  the  metallic  vessels  much  cor- 
roded ; and  in  searching  for  the  cause  of  this  effect,  he  made 
the  discovery.  The  substance  is  procured  from  the  ashes,  after 
the  extraction  of  the  carbonate  of  soda,  with  great  facility,  and 
merely  by  the  action  of  sulphuric  acid: — when  the  acid  is 
concentrated,  so  as  to  produce  much  heat,  the  substance  ap- 
pears as  a vapour  of  a beautiful  violet  colour,  which  condenses 
in  crystals  having  the  colour  and  the  lustre  of  plumbago. 

M.  Courtois  soon  after  he  had  discovered  it,  gave  speci- 
mens of  it  to  M.  M.  Desormes  and  Clement  for  chemical 
examination  ; and  those  gentlemen  read  a short  memoir  upon 
it,  at  a meeting  of  the  Imperial  Institute  of  France,  on  Nov.  29th. 
In  this  memoir,  these  able  chemists  have  described  its  principal 
properties ; they  mentioned  that  its  specific  gravity  was  about 
four  times  that  of  water,  that  it  becomes  a violet  coloured  gas 
at  a temperature  below  that  of  boiling  water,  that  it  combines 


Sir  H.  Davy  on  a new  Substance,  &c.  75 

with  the  metals  and  with  phosphorus  and  sulphur,  and  like- 
wise with  the  alkalies  and  metallic  oxides,  that  it  forms  a de- 
tonating compound  with  ammonia,  that  it  is  soluble  in  alcohol, 
and  still  more  soluble  in  ether;  and  that  by  its  action  upon 
phosphorus  and  upon  hydrogen,  a substance  having  the  cha- 
racters of  muriatic  acid  is  formed.  In  this  communication 
they  offered  no  decided  opinion  respecting  its  nature. 

M.  Ampere  had  the  goodness  to  give  me  some  of  this  sub- 
stance, and  M.  Clement  having  requested  me  to  submit  it  to 
some  analytical  tests,  I made  several  experiments  upon  it, 
which  convinced  me  that  it  was  a new  substance  undecom- 
pounded in  any  of  the  circumstances  to  which  I w;as  able  to 
expose  it ; and  that  the  acid  formed  in  processes  upon  it  was 
not  muriatic  acid,  but  a new  acid  possessing  a striking  resem- 
blance to  that  body. 

M.  Gay  Lussac  (to  whom  M.  Clement  had  furnished  some 
of  the  substance,  and  with  whom  he  had  made  some  experi- 
ments upon  it  before  the  communication  of  his  memoir)  on 
Monday,  Dec.  6 , read  to  the  Institute  a paper,  in  which  he 
stated  that  the  acid  formed  by  its  action  on  hydrogen  is  a 
peculiar  one.  He  mentioned  several  interesting  particulars 
respecting  the  mode  of  its  production,  and  he  compared  it  to 
oxymuriatic  gas  or  chlorine,  and  stated  that  two  hypotheses 
might  be  formed  on  its  nature ; and  that  it  might  be  considered 
as  an  undecompounded  substance,  or  as  a compound  of  oxy- 
gen ; M.  Gay  Lussac  is  still  engaged  in  experiments  on  this 
subject,  and  from  his  activity  and  great  sagacity,  a complete 
chemical  history  of  it  may  be  anticipated.  But  as  the  mode  of 
procuring  the  substance  is  now  known  to  the  chemical  world 
in  general,  and  as  the  combinations  and  agencies  of  it  offer  an 
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extensive  field  for  enquiry,  and  will  probably  occupy  the  at- 
tention of  many  persons,  and  as  the  investigation  of  it  is  not 
pursued  by  the  discoverer  himself,  nor  particularly  by  the 
gentlemen  to  whom  it  was  first  communicated,  I shall  not 
hesitate  to  lay  before  the  Royal  Society  an  account  of  the  in- 
vestigations I have  made  upon  it ; and  I do  this  with  the  less 
scruple,  as  my  particular  manner  of  viewing  the  phenomena 
has  led  me  to  some  new  results,  which  probably  will  not  be 
considered  by  the  Society  as  without  interest  in  their  relation 
to  the  general  theory  of  chemistry,  and  in  their  possible  ap- 
plication to  some  of  the  useful  arts. 

The  first  experiments  that  I made  on  this  substance,  were 
to  ascertain  whether  (argentane)  muriate  of  silver  could  be 
formed  from  its  solution  in  water  or  alcohol,  and  for  this  pur- 
pose it  was  purified  by  distilling  it  from  lime,  Its  solution  I 
found,  when  mixed  with  solution  of  nitrate  of  silver,  deposited 
a dense  precipitate  of  a pale  lemon  colour ; this  precipitate 
when  collected  and  examined,  proved  to  be  fusible  at  a low 
red  heat,  and  then  became  of  a red  colour.  When  acted  upon 
by  fused  hydrate  of  potassa,  it  was  rapidly  decomposed,  and 
a solid  substance,  having  all  the  characters  of  oxide  of  silver, 
was  formed.  The  matter  soluble  in  water  separated  by  a 
filter,  and,  acted  upon  by  sulphuric  acid,  afforded  the  peculiar 
substance. 

A solution  of  potassa,  after  being  boiled  on  the  precipitate, 
afforded  the  peculiar  substance,  when  treated  by  the  same 
acid. 

The  precipitate  was  much  more  rapidly  altered  by  exposure 
to  light,  than  the  muriate  of  silver,  and  was  evidently  quite  a 
distinct  body. 
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Conceiving  from  the  action  of  potassa  upon  it,  that  it  must 
be  a compound  of  the  peculiar  substance  and  silver,  I endea- 
voured to  form  it  directly  by  the  combination  of  the  two  bodies. 

I introduced  some  of  the  substance  into  the  closed  end  of  a 
small  glass  curved  tube,  and  placed  in  the  upper  part  of  it 
some  silver  foil;  I heated  the  foil  nearly  to  redness,  and  then 
passed  the  substance  over  it  in  vapour ; there  was  an  imme- 
diate action,  the  silver  was  rapidly  dissolved,  and  a fusible 
substance  formed,  in  all  its  obvious  sensible  and  chemical 
characters,  the  same  as  that  obtained  from  solutions  of  the 
substance  by  nitrate  of  silver. 

The  modes  which  occurred  to  me,  as  most  likely  to  effect 
its  decomposition  by  chemical  agents,  were  the  action  of  the 
highly  inflammable  metals  upon  it  which  unite  to  oxygen  and 
chlorine,  or  the  action  of  chlorine  which  in  general  tends  to 
the  expulsion  of  oxygen,  and  to  the  separation  of  inflammable 
bases  from  that  principle. 

I heated  some  potassium  in  a little  glass  tube,  and  passed 
some  of  the  substance  in  vapour  over  it;  at  the  moment  the 
vapour  came  in  contact  with  the  potassium,  there  was  an  in- 
flammation, and  the  potassium  burnt  slowly  with  a pale  blue 
light.  There  was  no  gas  disengaged  when  the  experiment 
was  repeated  in  a mercurial  apparatus. 

The  substance  formed  by  the  action  of  potassium  was  white, 
fusible  at  a red  heat,  and  soluble  in  water.  It  had  a peculiar 
acrid  taste.  When  acted  upon  by  sulphuric  acid,  it  effervesced, 
and  the  peculiar  substance  appeared. 

It  was  evident  that  in  this  experiment  there  had  been  no 
decomposition  of  the  body;  the  result  seemed  to  depend  merely 
upon  the  combination  of  it  with  the  potassium. 
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I exposed  the  body  to  the  action  of  chlorine  in  a small  glass 
tube ; it  absorbed  the  chlorine,  and  a substance  formed  which 
was  volatile  by  heat,  and  which  appeared  as  a yellow  solid ; 
it  was  soluble  in  water,  and  rendered  the  water  of  a yellowish 
green  colour  and  strongly  acid,  the  solution  when  acted  upon 
by  solution  of  potassa  not  in  excess  effervesced,  and  afforded 
the  peculiar  substance. 

The  acid  formed  by  the  solution  of  the  substance  united  to 
chlorine  reddened  vegetable  blues  by  its  immediate  contact, 
and  soon  after  destroyed  them. 

When  the  new  substance  was  heated  in  oxygen  gas,  or 
brought  in  contact  with  red  hot  hyperoxymuriate  of  potassa, 
it  seemed  to  undergo  no  change. 

M.  M.  Desormes  and  Clement  had  stated,  that,  when  the 
substance  is  combined  with  the  metals,  metallic  oxides  could 
be  obtained  from  the  solutions ; I suspected  that  this  depended 
upon  the  presence  of  moisture,  or  upon  oxygen  derived  from 
the  air,  and  experiment  justified  my  suspicion. 

I heated  the  substance  with  iron,  mercury,  tin,  zinc,  and 
lead,  out  of  the  contact  of  air ; it  united  to  them  without  any 
violence  of  action,  and  formed  compounds  fusible  at  a mode- 
rate heat,  and  volatile  at  a higher  temperature.  All  the  com- 
pounds, except  that  of  zinc,  which  was  white,  were  coloured 
of  different  shades  of  red  brown,  red  and  orange ; the  com- 
pound it  formed  with  tin  was  of  a deep  orange,  that  with  iron 
of  a bright  red  brown,  that  with  lead  a bright  orange,  that 
with  mercury  an  orange  still  more  approaching  to  red,  and 
which,  when  crystallized,  was  bright  crimson. 

The  compound  of  iron  and  the  substance,  when  exposed  to 
an  alkaline  solution,  immediately  deposited  black  oxide  of  iron; 
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but  when  I heated  it  in  a small  retort,  containing  pure  ara- 
moniacal  gas,  no  such  change  occurred,  and  it  combined  with 
the  ammonia  and  formed  a compound  wrhich  volatilized  with- 
out leaving  any  oxide. 

The  compound  of  the  substance  with  tin  was  soluble  in 
water,  and  had  the  characters  of  an  acid.  It  combined  with 
the  alkalies  without  depositing  oxide. 

The  crimson  compound  of  the  substance  with  mercury 
united  in  the  same  manner  without  decomposition  to  potassa, 
and  by  the  action  of  sulphuric  acid,  sulphate  of  potassa  was 
formed,  and  the  compound  of  the  substance  with  mercury 
disengaged. 

When  the  substance  is  made  to  act  upon  phosphorus,  the  two 
bodies  combine  with  great  rapidity  at  common  temperatures, 
producing  heat  without  light ; small  quantities  of  a strongly 
acid  gas  generally  arise  from  the  mixture,  and  by  the  appli- 
cation of  heat,  it  is  produced  in  greater  quantities.  When  the 
substance  is  in  excess,  an  easily  fusible  and  volatile  compound 
of  a red  colour  is  obtained ; when  the  phosphorus  is  in  excess, 
the  greater  part  of  the  product  is  more  fixed. 

I examined  the  gaseous  acid  formed  by  the  action  of  phos- 
phorus with  attention.  It  gives  dense  white  fumes  by  com- 
bining with  the  aqueous  vapour  in  the  air.  It  has  a smell  very 
similar  to  that  of  the  solid  compound  of  chlorine  and  phos- 
phorus, which  itself  is  very  analogous  to  that  of  muriatic  acid. 
It  is  rapidly  absorbed  by  water.  When  made  to  act  upon 
ammonia,  it  forms  with  it  a dense  white  salt,  which,  when 
acted  upon  by  sulphuric  acid,  affords  the  peculiar  substance, 
and  at  the  same  time  a smell  of  hydrogen  is  perceived.  When 
mercury  is  heated  in  the  acid  gas,  the  same  compound  as  that 
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produced  by  the  action  of  the  new  substance  directly  upon 
mercury  is  formed,  and  hydrogen  equal  to  half  the  volume  of 
the  gas  is  disengaged.  When  potassium  is  made  to  act  upon  it, 
there  is  no  inflammation  as  in  muriatic  acid  gas,  but  the  potas- 
sium becomes  converted  into  a body,  similar  to  that  produced 
by  its  combustion  in  the  vapour  of  the  substance,  and  a gas 
equal  to  half  the  volume  of  the  acid  gas,  which  burns  in  the 
same  manner  as  hydrogen,  is  disengaged. 

When  the  easily  fusible  and  volatile  compound  of  the  sub- 
stance with  phosphorus  is  heated  in  water,  it  rapidly  dissolves 
in  it,  and  forms  a strong  acid,  which,  when  evaporated,  leaves 
hydrophosphorous  acid,  and  which,  before  its  evaporation, 
neutralized  by  potash,  and  acted  on  by  sulphuric  acid,  affords 
the  peculiar  substance. 

When  the  difficultly  fusible  substance  it  forms  with  phos- 
phorus is  acted  on  by  a small  quantity  of  water,  and  heated 
in  a glass  tube,  much  gas  spontaneously  inflammable  is  dis- 
engaged, and  a white  sublimate  arises,  which,  when  acted 
on  by  cold  water,  becomes  hot,  and  affords  a considerable 
quantity  of  a gas  having  all  the  properties  of  hydrophosphoric 
gas. 

The  solution  of  this  crystalline  substance  in  water,  neu- 
tralized by  potash,  and  decomposed  by  sulphuric  acid,  afforded 
the  peculiar  substance,  but  when  the  solution  was  heated 
strongly  before  its  neutralization,  it  left  only  hydrophospho- 
rous acid,  which  when  heated  gave  off  hydrophosphoric  gas, 
and  became  phosphoric  acid. 

It  is  easy  to  explain  all  these  phenomena,  except  the  pro- 
duction of  the  acid  gas,  which  is  a compound  of  the  peculiar 
substance  and  hydrogen : to  account  for  the  appearance  of 
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this  body,  it  is  necessary  to  suppose  the  existence  of  hydrogen, 
or  of  water  in  the  substance,  or  of  hydrogen  in  phosphorus. 

I used  the  substance  distilled  through  quick  lime,  which 
there  is  every  reason  to  believe  would  absorb  all  the  water 
united  to  it : in  this  case  the  acid  gas,  which  gave  hydrogen 
when  decomposed  by  mercury,  was  produced  in  much  smaller 
quantities;  but,  when  the  substance  was  moistened,  the  gas 
was  afforded  in  very  large  quantities.  It  is  probable,  that  a 
little  hydrogen  existing  in  the  phosphorus,  and  which  appears 
when  that  substance  is  acted  on  by  Voltaic  electricity,  may 
influence  the  result ; but  I am  inclined  to  attribute  it  princi- 
pally to  the  moisture  adhering  to  the  substance,  and  I have 
never  been  able  to  produce  more  gas  from  the  fusible  com- 
pound by  distilling  it  with  a new  quantity  of  phosphorus. 

When  the  fusible  compound  of  the  substance  with  phos- 
phorus is  distilled  with  a small  quantity  of  water,  the  gas  pro- 
duced seems  to  be  of  the  same  kind  as  that  obtained  by  the 
action  of  heat  during  the  combination,  and  both  these  gases 
when  absorbed  by  water  afford,  when  acted  upon  by  nitrate 
of  silver,  the  same  product  as  that  formed  by  the  action  of  a 
solution  of  the  substance  in  water  on  the  same  salt. 

I attempted  to  form  a compound  of  the  substance  with  hy- 
drogen directly,  by  heating  it  in  several  experiments  to  red- 
ness in  a glass  tube  tilled  with  hydrogen.  When  the  gas  was 
moist,  or  when  the  tube  contained  vapour,  a strong  acid  fluid 
was  formed  of  a deep  yellow  colour.  When  the  gas  and  the 
substance  were  dry,  there  was  an  expansion  of  volume,  and 
on  breaking  the  tube,  fumes  ap  eared  similar  to  those  pro- 
duced by  the  action  of  the  gas  formed  during  the  union  of 
phosphorus  and  the  substance,  and  which  precipitated  in  th$ 
mdcccxiv.  M 
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same  manner  a solution  of  nitrate  of  silver.  This  peculiar 
acid,  which  consists  of  the  substance  united  to  hydrogen,  has 
a very  strong  attraction  for  water,  and  a very  small  quantity 
of  water  absorbs  a large  quantity  of  the  gas,  and  when  com- 
bined with  water,  it  rises  with  it  in  vapour,  and  in  its  state  of 
liquid  acid,  it  rapidly  dissolves  the  substance,  and  becomes 
tawny. 

The  new  substance,  as  M.  M.  Desormes  and  Clement  have 
shewn,  is  rapidly  soluble  in  solution  of  potash ; when  it  is  in 
excess  the  solution  becomes  red  brown.  On  evaporating  the 
mixture  and  heating  it  to  redness,  a substance  is  formed,  ex- 
actly similar  to  that  produced  by  the  combination  of  the  sub- 
stance with  potassium. 

As  potassa  is  a compound  of  potassium  and  oxygen,  it  is 
evident  that,  to  form  a compound  of  potassium  and  the  sub- 
stance from  potassa,  oxygen  must  be  expelled,  and  I found 
by  experiment,  that  this  was  the  case ; and  in  investigating 
minutely  the  action  of  fixed  alkaline  solutions  on  the  substance, 
I ascertained  the  existence  of  a class  of  substances,  precisely 
similar  to  the  hyperoxymuriates,  consisting  of  oxygen,  the 
substance,  and  potassium,  and  formed  in  a manner  exactly 
analogous. 

If  the  substance  is  thrown  into  a moderately  strong  solution 
of  potassa  as  it  dissolves,  crystals  fall  down,  and  by  saturat- 
ing the  solution  with  the  substance,  considerable  quantities  are 
obtained.  By  pouring  off  the  mother  liquor  and  evaporating 
it  a little,  more  of  the  crystals  fall  down. 

All  these  crystals,  if  precipitated  from  a solution  not  too 
much  saturated,  are  of  the  same  kind,  they  are  little  soluble 
in  water,  have  a taste  analogous  to  that  of  the  hyperoxymu- 
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riates  of  potassa,  scintillate  when  thrown  upon  burning  coals, 
and  form  a deflagrating  mixture  when  mixed  with  charcoal. 
When  fused,  they  give  off  abundance  of  oxygen  gas,  and 
become  the  same  substance  as  that  formed  by  the  action  of 
potassium  on  the  new  substance. 

If  the  liquor  which  has  ceased  to  afford  the  crystals  be  eva- 
porated to  dryness,  it  yields  a considerable  quantity  of  a sub- 
stance which  is  not  capable  of  detonating  with  combustible 
bodies,  and  which  is  the  same  as  that  afforded  by  the  combi- 
nation of  the  substance  with  potassium. 

It  is  evident  then  that  the  oxygen  contained  in  the  potassa 
is  newly  combined  by  the  action  of  the  new  substance,  and 
two  compounds  formed,  one  consisting  of  potassium  and  the 
new  substance,  the  other  of  potassium,  the  new  substance,  and 
the  oxygen  contained  in  the  potassa. 

By  passing  the  vapour  of  the  substance  over  dry  red  hot 
potassa  formed  from  potassium,  oxygen  is  expelled,  and  it 
appears  that  oxygen  cannot  remain  in  the  triple  compound  at 
a heat  above  the  red  heat. 

By  dissolving  the  substance  in  solutions  of  soda  and  baryta 
similar  results  are  obtained,  and  in  each  case  two  compounds 
are  formed.  The  oxygen  is  condensed  in  one,  and  the  other 
consists  simply  of  the  new  substance  and  a metal. 

To  separate  entirely  the  deflagrating  sait  from  the  soluble 
salt  is  not  easy,  there  always  remains  in  the  mother  hquor 
a little  of  the  deflagrating  compound ; but  by  separating  the 
first  crystals  from  solution  of  potassa  not  too  strong,  the  de- 
flagrating compound  of  oxygen,  potassium,  and  the  substance 
is  obtained,  apparently  pure. 

As  the  new  substance  combines  with  potassium  and  the 
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metals  with  much  less  energy  than  chlorine,  it  occurred  to 
me,  that  it  would  probably  be  expelled  from  its  combinations 
by  that  body ; and  this  I have  found  to  be  the  case  in  all  the 
experiments  I have  made.  When  the  compound  of  the  new 
substance  and  potassium  is  heated  in  contact  with  chlorine, 
potassane  (muriate  of  potassa)  is  formed,  the  violet  gas  ap- 
pears, but  soon  combines  with  chlorine,  and  they  form  together 
the  peculiar  acid  compound  I have  before  described  ; but  to- 
wards the  end  of  the  process,  as  the  proportion  of  chlorine 
diminishes,  the  violet  coloured  gas  again  appears. 

When  the  compound  of  the  substance  with  silver  was  treated 
in  the  same  manner  (argentane)  muriate  of  silver  was  formed, 
and  the  substance  combined  with  chlorine  at  the  commence- 
ment of  the  operation,  but  was  disengaged  uncombined 
towards  the  end. 

Similar  phenomena  occurred  when  the  compounds  of  the 
substance  with  mercury  and  lead  were  acted  on  by  chlorine. 

The  action  of  acids  on  the  compounds  of  this  substance,  are 
what  might  be  expected  from  its  analogies  to  chlorine. 

When  concentrated  sulphuric  acid  is  poured  upon  the  com- 
pound of  the  substance  and  potassium,  some  of  the  substance 
appears ; but  a part  of  it  rises  in  combination  with  hydrogen 
and  water,  and  condenses  by  cold,  and  appears  of  a deep  orange 
colour  from  having  dissolved  some  of  the  substance.  The 
sulphuric  acid  likewise  seems  to  retain  some  of  the  substance, 
for  it  continues  red  after  being  strongly  heated,  and  the  acid 
is  partly  decomposed,  for  sulphurous  acid  gas  is  disengaged. 

It  seems  probable,  that  the  acid  is  decomposed  to  furnish  oxy- 
gen to  a portion  of  the  potassium  which  quits  in  consequence 
the  new  substance,  and  that  water  is  likewise  decomposed  to 
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furnish  hydrogen  to  another  portion  of  the  substance,  and  that 
the  hydrogen  and  the  substance,  in  their  acid  form,  combine 
with  the  water  of  the  sulphuric  acid,  and  rise  in  vapour,  sul- 
phate of  potassa  being  at  the  same  time  produced. 

When  sulphuric  acid  is  poured  on  the  salt  consisting  of  the 
substance,  oxygen,  and  potassium,  the  substance  reappears, 
and  there  is  a slight  effervescence.  In  this  case,  part  of  the 
oxygen  is  employed  to  form  potassa,  and  the  remainder  is 
expelled  unaltered. 

When  concentrated  nitric  acid  is  made  to  act  on  the  triple 
compound,  similar  phenomena  occur,  and  the  substance  reap- 
pears with  effervescence. 

When  nitric  acid  is  applied  to  the  double  compound,  there 
is  a smell  of  nitrous  gas,  and  the  substance  is  instantly  repro- 
duced. 

With  concentrated  muriatic  acid,  the  phenomena  presented 
by  the  two  different  alkaline  compounds,  the  binary  and  the 
triple,  are  very  interesting.  When  the  acid  is  brought  in  con- 
tact with  the  triple  salt,  there  is  no  effervescence,  but  a sub- 
stance, which  appears  to  be  a compound  of  chlorine  and  the 
new  body,  is  formed  and  dissolved  in  the  water  of  the  acid, 
and  potassane  is  precipitated. 

When  the  double  compound  is  used,  there  is  a complete 
solution  with  a partial  decomposition,  and  by  applying  a gentle 
heat,  the  excess  of  muriatic  acid  is  driven  off,  and  the  same 
acid  as  that  procured  by  the  action  of  the  substance  on  hydro- 
gen remains  dissolved  in  the  liquor.  When  mixtures  of  the 
two  salts  arc  employed,  the  substance  itself  appears. 

It  appears  that  in  the  instance  when  the  triple  compound 
is  employed,  there  is  not  only  sufficient  oxygen  to  attract  the 
hydrogen  from  the  chlorine  which  is  to  combine  with  the 
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potassium,  but  likewise  enough  to  decompose  a portion  of 
muriatic  acid,  sufficient  to  afford  chlorine  to  enter  into  combi- 
nation with  the  whole  of  the  substance. 

When  the  binary  compound  is  used,  the  result  is  a simple 
instance  of  double  affinity;  the  new  substance  quits  the  potas- 
sium to  unite  to  the  hydrogen  of  the  muriatic  acid,  and  the 
chlorine  and  the  potassium  combine : and  that  the  decompo- 
sition is  only  partial  depends  probably  upon  the  attraction  of 
the  compound  of  iodine  and  potassium  for  water.  When  mix- 
tures of  the  compounds  are  used,  the  oxygen  is  employed  to 
attract  hydrogen  from  the  substance,  to  which  it  seems  to 
adhere  with  a much  weaker  attraction  than  to  chlorine. 

M.  M.  Desormes  and  Clement  have  mentioned,  that  when 
the  new  substance  is  exposed  to  liquid  ammonia,  a black  pow- 
der is  formed,  which,  when  dry,  fulminates  by  the  slightest 
contact  or  friction.  I introduced  some  of  the  substance  into 
solution  of  ammonia,  and  separated  the  liquor  from  the  black 
powder,  and  evaporated  it  to  dryness ; it  left  a white  saline 
substance,  the  same  as  that  produced  by  the  union  of  ammonia 
with  the  peculiar  acid,  which  consists  of  the  substance  com- 
bined with  hydrogen ; and  hence  it  appeared  probable  that 
a portion  of  ammonia  had  been  decomposed  to  furnish  hy- 

I made  the  experiment  on  the  action  of  strong  solution  of 
ammonia  on  the  substance  in  a pneumatic  apparatus ; but  no 
azote  was  given  off.  Hence  I am  induced  to  conclude,  that 
the  black  powder  is  a compound  of  the  new  substance  and 
azote,  similar  in  its  character  of  a binary  compound  to  the 
detonating  oil  discovered  by  M.  Dulong;  and  this  conclusion 
is  strengthened  by  the  results  of  its  detonation  in  a tube 
of  glass  partially  exhausted:  they  are,  I find,  the  peculiar 
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substance  and  a gas  which  is  not  inflammable,  and  which  does 
not  support  flame;  and  unless  the  substance  is  moist,  I have 
never  been  able  to  discover  any  other  product ; but  the  minute 
quantity  I have  employed  prevents  me  from  being  confident 
on  this  point. 

It  was  an  object  of  considerable  interest  to  ascertain  the 
proportion  in  which  the  new  substance  combines,  as  compared 
with  that  in  which  the  other  substances  that  form  acids  by 
their  action  on  inflammable  bodies  enter  into  union. 

I made  several  experiments  on  this  subject.  4 grains  of 
hydrate  of  potassa,  I found,  were  saturated  by  6. 25  of  the  new 
substance,  and  2.8  the  quantity  of  potassium  in  4 grains  of 
hydrate  of  potassa  is  to  6.25  the  quantity  of  the  substance,  as 
75,  the  number  representing  potassium,  is  to  166.  Again,  1 
grain  of  hydrate  of  soda  required  2.1  grains  of  the  new  sub- 
stance for  its  saturation,  and  1 grain  of  hydrate  of  soda  con- 
tains .578  of  sodium,  so  that  supposing  the  combination  of  the 
new  substance  with  sodium  to  contain  a double  proportion  of 
the  substance,  the  number  representing  the  proportion  in  which 
it  combines  will  be  nearly  160. 

Two  grains  of  the  compound  of  the  substance  with  sodium 
decomposed  by  sulphuric  acid  afforded  128  of  dry  sulphate  of 
soda,  and  calculating  on  this  experiment  the  number  is  1 65.5. 

I have  made  some  experiments  on  the  quantity  of  the  sub- 
stance absorbed  by  tin,  mercury,  and  lead.  Mercury  absorbs 
nearly  of  its  weight  of  the  new  body  to  become  the  crimson 
substance ; from  which  it  appears  that  it  must  absorb  two 
proportions. 

My  experiments  have  been  made  upon  quantities  too  small 
to  afford  very  exact  results;  but  they  shew  that  the  new 


88  * Sir  H.  Davy  on  a new  Substance 

substance  enters  into  union  in  a quantity  much  more  than  twice 
as  great  as  that  of  chlorine,  and,  considered  as  an  element,  it 
offers  a number  much  higher  than  those  of  the  simple  inflam- 
mable bodies,  and  higher  even  than  those  of  most  of  the 
metals. 

The  most  correct  mode  of  ascertaining  the  number  repre- 
senting the  proportion  (supposing  it  to  be  definite,  as  is  the 
case  with  all  other  bodies  that  have  been  accurately  examined) 
in  which  it  combines,  will  probably  be  by  ascertaining  the 
specific  gravity  of  its  gaseous  compound  with  hydrogen.  This 
gas,  as  I have  stated,  affords  only  half  its  volume  of  hydro- 
gen, and  it  appeared  to  me  to  neutralize  an  equal  volume  of 
ammonia,  so  that  supposing  it  to  consist  of  two  proportions 
of  hydrogen,  and  only  one  of  the  substance,  that  is,  to  be 
analogous  to  muriatic  acid  gas  in  its  nature,  it  must  be  one  of 
the  heaviest  elastic  fluids  existing. 

Taking  the  number  representing  the  proportion  in  which 
the  new  substance  combines  as  165,  and  supposing  that  it 
occupies  the  same  volume  in  this  gas  that  chlorine  occupies  in 
muriatic  acid  gas,  100  cubical  inches  of  the  gas  will  weigh  at 
mean  temperature  and  pressure  95.27  grains,  i.  e.  supposing 
hydrogen  in  the  same  quantity  to  weigh  2.27  grains. 

I am  not  at  present  in  possession  of  an  apparatus  for  weigh- 
ing the  gas  with  accuracy.  A particular  device  will  be  required 
for  this  purpose,  as  the  gas  cannot  be  preserved  over  mer- 
cury. It  may  be  collected  during  the  action  of  phosphorus  on 
the  moistened  substance  in  a vessel  exhausted  of  air;  or  it 
may  be  made  by  heating  the  compound  of  the  substance  and 
potassium  in  muriatic  acid  gas  in  a glass  vessel : in  this  case, 
there  is,  I find,  a double  decomposition,  the  chlorine  quits  th£ 
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hydrogen  to  unite  to  the  potassium,  and  the  substance  quits 
the  potassium  to  unite  to  the  hydrogen. 

The  new  substance,  I find,  is  not  decomposed  when  Voltaic 
sparks  are  taken  in  it  in  its  gaseous  state  from  ignited  points 
of  charcoal : at  first  there  are  white  fumes,  probably  from  the 
action  of  moisture  or  hydrogen  in  charcoal,  on  the  substance; 
but  these  fumes  soon  cease,  and  when  the  tube  in  which  the 
experiment  is  made  is  cooled,  the  substance  appears  unaltered. 

From  all  the  facts  that  have  been  stated,  there  is  every 
reason  to  consider  this  new  substance  as  an  undecompounded 
body . In  its  specific  gravity,  lustre,  the  high  number  in  which 
it  enters  into  combination  and  colour,  it  resembles  the  metals; 
but  in  all  its  chemical  agencies  it  is  more  analogous  to  oxygen 
and  chlorine;  it  is  a non-conductor  of  electricity,  and  possesses, 
like  these  bodies,  the  negative  electrical  energy  with  respect 
to  metals,  inflammable  and  alkaline  substances,  and  hence 
when  combined  with  these  substances  in  aqueous  solution  and 
electrized  in  the  Voltaic  circuit,  it  separates  at  the  positive 
surface ; but  it  has  a positive  energy  with  respect  to  chlorine, 
for  when  united  to  chlorine  in  the  compound  acid  I have  de- 
scribed, (page  78),  it  separates  from  the  chlorine  at  the 
negative  surface.  This  likewise  corresponds  with  their  relative 
attractive  energy.  Chlorine  expels  the  new  substance  from 
all  its  combinations  on  which  I have  made  any  experiments. 

The  new  substance  seems  to  possess  a stronger  attraction 
for  most  of  the  metals  than  oxygen  ; but  it  is  expelled  from 
phosphorus  and  sulphur  by  oxygen  : I found  by  passing  oxy- 
gen and  the  compound  of  it  with  phosphorus  through  a glass 
tube  heated  red,  phosphorous  acid  was  formed,  and  the  violet 
gas  appeared. 
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y That  it  produces  so  little  heat  and  so  seldom  light  in  en- 
tering  into  combination,  may  be  accounted  for  from  its  solid 
form  and  its  great  weight  as  an  element.  Potassium,  how- 
ever, as  I have  mentioned,  burns  in  the  violet  coloured  gas, 
and  when  this  gas  is  thrown  upon  the  flame  of  hydrogen,  it 
seems  to  support  its  combustion. 

The  saturating  or  neutralising  powers  of  the  new  substance 
appear  to  be  greater  than  those  of  oxygen,  and  less  than  those 
of  chlorine. 

It  agrees  with  chlorine  and  fluorine  in  forming  acids  with 
hydrogen,  and  it  agrees  with  oxygen  in  forming  an  acid  with 
chlorine. 

In  my  first  experiments  I conceived  that  it  formed  sub- 
stances analogous  to  alkalies  in  combining  with  the  alkaline 
metals,  for  the  compound  produced  by  its  action  upon  solution 
of  potassa,even  when  the  substance  was  in  great  excess,  red- 
dened turmeric  paper,  and  rendered  green  paper  tinged  with 
the  juice  of  violets;  but  I have  since  found  that  this  is  owing 
to  a small  quantity  of  subcarbonate  of  potassa  which  existed 
in  the  hydrate  of  potassa;  and  when  the  compound  is  treated 
with  the  acid  the  substance  forms  with  hydrogen,  and  heated 
to  redness,  it  loses  this  property  ; and  when  thus  formed,  its 
taste  more  resembles  that  of  a neutral  salt  than  of  an  alkali. 
I cannot  yet  say  with  certainty  whether  its  compound  with 
potassium  has  powers  like  the  oxides,  of  neutralising  those 
acids  which  it  does  not  decompose,  as  in  all  the  experiments 
I have  made  on  this  point  I used  the  compound  which  reddens 
turmeric ; this  neutralised  the  phosphorous,  sulphurous,  and 
boracic  acids,  but  the  effect  may  possibly  depend  upon  the 
undecomposed  carbonate. 
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The  name  tom  has  been  proposed  in  France  for  this  new 
substance  from  its  colour  in  the  gaseous  state,  from  lov,  viola  ; 
and  its  combination  with  hydrogen  has  been  named  hydroionic 
acid.  The  name  zone,  in  English,  would  lead  to  confusion,  for 
its  compounds  would  be  called  ionic  and  Ionian . By  term- 
ing it  iodine , from  violaceous,  this  confusion  will  be 

avoided,  and  the  name  will  be  more  analogous  to  chlorine  and 
fluorine. 

The  acid  it  forms  with  hydrogen  may,  however,  be  with 
propriety  named  in  our  language  hydroionic  acid.  I venture  to 
propose  for  the  acid  it  forms  with  chlorine,  the  name  of  chlo - 
nonic  acid , and  for  that  it  forms  with  tin  stannionic  acid . With 
respect  to  the  other  compounds,  they  may  be  called  as  a class 
iodes , with  the  name  of  the  base  as  iode  of  mercury , and  with 
proto , deuto , &c.  to  signify  the  proportions ; or  if  a termination 
to  the  base  should  be  preferred,  as  I have  proposed  f^r  the 
combinations  of  chlorine,  the  terminations  may  be  in  m , with 
the  vowels  in  their  usual  order  to  signify  proportions.  Thus, 
phosphoroma  would  signify  the  combination  of  one  proportion 
of  iodine  with  phosphorus,  and  phosphorome  would  signify 
two  proportions  of  iodine  to  one  of  phosphorus. 

If  this  last  plan,  which  involves  no  theoretical  views, 
should  be  ado?  ted,  it  may  be  extended  with  different  conso- 
nants to  the  combinations  of  fluorine,  and  the  vowel  may  be 
made  to  signify  the  proportion,  and  the  consonant  the  nature 
of  the  compound.  The  vowel  of  termination,  to  the  Latin 
name  of  the  base,  I have  already  proposed,  on  another  occa- 
sion, for  the  compounds  of  oxygen.  Thus  argenta  may  be 
made  to  signify  the  protoxide  of  silver,  and  ferre  the  deut- 
oxide  of  iron,  n is  the  consonant  which  I have  suggested  to 

N 2 


92  Sir  H.  Davy  on  a new  Substance 

represent  the  combination  of  chlorine,  as  argentana  the  proto- 
chloride of  silver;  and  / in  this  system  may  represent  fluorine. 
Thus  calcala  would  be  fluor  spar,  or  one  proportion  of  fluo- 
rine, and  one  of  calcium,  and  the  different  combinations  of 
calcium  with  the  supporters  of  combustion  with  oxygen, 
fluorine,  chlorine,  and  iodine  in  one  proportion,  would  be  thus 
expressed  calca,  calcala , calcana , and  calcama. 

I throw  out  these  hints  for  discussion , rather  than  with  any 
wish  for  their  adoption,  and  for  the  purpose  of  directing  the 
attention  of  chemists  towards  the  subject  of  nomenclature, 
which  ought  to  be  settled  on  some  fixed  principles  ; and  in 
naming  a new  class  of  compounds,  great  caution  should  be 
used  to  prevent  the  necessity  of  alteration. 

In  my  last  paper,  presented  to  the  Society  two  months  ago, 
I ventured  to  suggest  that  it  was  probable,  that  new  species 
of  matter,  which  act  with  respect  to  inflammable  bodies,  like 
oxygen,  chlorine,  and  fluorine,  would  be  discovered.  I had 
not  hoped,  at  that  time,  to  be  able  so  soon  to  describe  the  pro- 
perties of  a body  of  this  kind,  which  forms  an  acid  with  hy- 
drogen, like  chlorine  and  fluorine,  and  which  in  some  of  its 
combinations  resembles  oxygen. 

This  new  fact  will,  I hope,  do  something  towards  settling 
the  opinion  of  chemists  respecting  the  nature  of  acidity,  which 
seems  to  depend  upon  peculiar  combinations  of  matter,  and 
not  on  any  peculiar  elementary  principle. 

It  is  probable  that  iodine  will  be  found  in  many  combinations 
in  nature.  We  may  expect  that  it  will  be  discovered  in  vari- 
ous marine  vegetables,  and  in  sea  water,  and  probably  the  loss 
of  weight  indicated  in  the  analysis  of  certain  fossil  substances 
may  depend  upon  its  expulsion. 
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Its  compounds  with  the  metals  will  probably  form  a new 
class  of  pigments,  and  it  is  not  impossible,  that  the  triple  salts 
it  forms  containing  oxygen,  may  be  made  substitutes  for  nitre 
in  the  manufacture  of  gunpowder. 


Paris,  Dec.  io,  1813. 
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VII.  An  Account  of  a Family  having  Hands  and  Feet  with  super- 
numerary Fingers  and  Toes.  By  Anthony  Carlisle,  Esq . 
F.  R S.  In  a Letter  addressed  to  the  Right  Hon.  Sir  Joseph 
Banks,  Bart.  K.  B.  P.  R.  S. 

Read  December  23,  1813. 


Dear  Sir, 

The  following  account  of  a family  having  hands  and  feet 
with  supernumerary  lingers  and  toes,  and  the  hereditary 
transmission  of  the  same  peculiarity  to  the  fourth  generation, 
appears  to  be  worth  preserving,  since  it  displays  the  influence 
of  each  of  the  propagating  sexes;  the  male  and  the  female 
branches  of  the  original  stem  having  alike  reproduced  this 
redundancy  of  parts.  I have  carefully  inspected  two  persons 
of  this  family  at  the  time  of  their  being  in  London,  namely, 
Abiah  Colburn,  and  his  son  Zerah  Colburn,  and  have  taken 
the  particulars  of  the  rest  from  Abiah  Colburn  himself,  whose 
narrative  was  several  times  repeated  to  me,  without  any  de- 
viation. 

Zerah  Colburn,  a native  of  the  township  of  Cabot  in  the 
province  of  Vermont,  in  North  America,  has  been  lately 
brought  to  London,  a*'d  publicly  exhibited  for  his  extraordi- 
nary powers  in  arithmetical  computations  from  memory.  This 
boy  has  a supernumerary  little  linger  growing  from  the  out- 
side of  the  metacarpus  of  each  hand,  and  a supernumerary 
little  toe  upon  the  outside  of  the  metatarsus  of  each  foot. 
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These  extra  fingers  and  extra  toes  are  all  completely  formed, 
having  each  of  them  three  perfect  phalanges  with  the  ordinary 
joints,  and  well  shaped  nails. 

Abiah  Colburn,  the  father  of  Zerah,  has  five  fingers  and 
a thumb  upon  each  hand,  and  six  toes  on  each  foot ; he  has 
also  five  metacarpal  bones  in  each  hand,  and  six  metatarsal 
bones  in  each  foot.  The  extra  limbs  have  distinct  flexor  and 
extensor  tendons. 

The  wife  of  Abiah  Colburn  has  no  peculiarity  in  her  limbs. 
During  the  existing  marriage,  she  has  borne  eight  children, 
six  sons,  and  two  daughters.  Four  of  those  sons  inherit  the 
peculiarity  of  their  father  more  or  less  complete,  while  the 
two  daughters  are  free  from  the  family  mark,  as  well  as  two 
of  the  sons,  namely,  the  fourth  in  succession  who  was  a twin, 
and  the  eighth. 

The  eldest  son  of  these  parents,  named  Green  Colburn, 
has  only  five  toes  on  one  of  his  feet,  but  the  other  foot,  and 
both  his  hands  possess  the  extra  limb. 

The  second  child,  Betsy  Colburn,  is  naturally  formed. 

The  third,  Zebina  Colburn,  has  five  fingers  and  a thumb 
upon  each  hand,  and  six  toes  upon  each  foot. 

The  fourth  and  fifth  were  twin  brothers,  and  named  David 
and  Jonathan;  David,  who  is  dead,  had  nothing  of  the  father's 
mark,  but, 

Jonathan  has  the  peculiarity  complete. 

The  sixth,  Zerah  Colburn,  the  extraordinary  calculating 
boy,  is  marked  like  his  father,  as  before  described. 

The  seventh,  Mary  Colburn,  is  naturally  formed. 

The  eighth  and  last  child,  Enas  Colburn,  is  also  exempt 
from  the  father's  peculiarity. 
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Besides  the  persons  I have  mentioned,  this  hereditary  re- 
dundance of  limbs  has  been  attached  to  the  little  fingers,  and 
to  the  little  toes  of  several  of  the  ancestors  of  the  family.  The 
mother  cf  Abiah  Colburn  brought  the  peculiarity  into  his 
family.  Her  maiden  name  was  Abigail  Green  ; she  however 
had  not  the  extra  finger  on  one  of  her  hands;  the  other  hand, 
and  her  feet  were  similarly  marked  with  those  of  her  son 
Abiah. 

David  Colburn,  the  father  of  Abiah,  had  no  peculiarity. 
By  his  marriage  with  Abigail  Green,  he  had  three  sons  and 
one  daughter.  Two  of  these  sons  and  the  daughter  were  fuily 
marked  in  all  the  limbs;  the  other  son  had  one  hand  and  one 
foot  naturally  formed. 

Abigail  Green  inherited  these  supernumerary  limbs  from 

her  mother,  whose  maiden  name  was Kendall,  and  she 

had  five  fingers  and  a thumb  upon  each  hand,  and  six  toes  on 
each  foot. 

The  marriage  of Kendall  with  Mr. Green  pro- 

duced eleven  children,  whom  Abiah  Colburn’s  mother,  who 
was  one  of  the  eleven,  reports  to  have  been  all  completely 
marked  : but  the  present  family  are  unacquainted  with  the 
history  of  the  other  ten  branches,  and  they  do  not  possess  any 

knowledge  of  their  ancestors  beyond Kendall,  the  great 

grandmother  of  Zerah  Colburn. 

Numerous  examples  of  the  hereditary  propagation  of  pe- 
culiarities have  been  recorded : all  family  resemblances,  indeed, 
however  trifling  they  may  appear  to  a common  observer,  are 
interesting  to  the  physiologist,  and  equally  curious ; though 
not  so  rare  as  those  described  in  the  preceding  history.  In 
every  department  of  animal  nature,  accumulation  of  facts  must 


r 


with  supernumerary  Fingers  and  Toes.  97 

always  be  desirable,  that  more  reasonable  inductions  may  be 
established  concerning  the  laws  which  direct  this  interesting 
part  of  creation : and  it  might  be  attended  with  the  most  im- 
portant consequences,  if  discovery  could  be  made  of  the  rela- 
tive influence  of  the  male  and  female  sex  in  the  propagation 
of  peculiarities,  and  the  course  and  extent  of  hereditary  cha- 
racter could  be  ascertained,  both  as  it  affects  the  human  race 
in  their  moral  and  physical  capacities,  and  as  it  governs  the 
creatures  which  are  subdued  for  civilized  uses.  Nor  is  it  alto- 
gether vain  to  expect,  that  more  profound  views,  and  more 
applicable  facts  await  the  researches  of  men,  who  have  as  yet 
only  begun  to  explore  this  branch  of  natural  history,  by  sub- 
jecting it  to  physical  rules. 

Though  the  causes  which  govern  the  production  of  organic 
monstrosities,  or  which  direct  the  hereditary  continuance  of 
them,  may  for  ever  remain  unknown,  it  still  seems  desirable 
to  ascertain  the  variety  of  those  deviations,  and  to  mark  the 
course  they  take,  where  they  branch  out  anew,  and  where 
they  terminate.  There  is  doubtless  a general  system  in  even 
the  errors  of  nature,  as  is  abundantly  evinced  by  the  regular 
series  of  monstrosity  exhibited  both  in  animals  and  vege- 
tables. 

It  has  happened  in  my  professional  capacity,  that  I have  had 
to  extirpate  a supernumerary  thumb  from  each  of  the  hands 
of  two  girls,  who  were  both  ideots,  though  the  families  to 
whom  they  belonged  were  unknown  to  each  other.  I have 
seen  many  instances  of  supernumerary  thumbs  and  supernu- 
merary fingers  in  persons  to  whom  the  singularity  was  not 
hereditary,  and  I have  read  of  many  others ; but  whether  of  my 
own  experience,  or  of  authentic  record,  the  redundancy  has 
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been  on  the  outer  side  of  the  little  linger,  and  outer  side  of 
the  thumb,  never  on  the  back  or  inside  of  the  hand,  or  on  the 
sides  of  the  intermediate  fingers : and  in  similar  cases  as  to 
the  toes,  the  rule  has  been  invariably  the  same.  In  the  Sacred 
Writings  an  example  of  this  kind  is  given,  II  Samuel,  ch.  21. 
v.  20.  “ And  there  was  yet  a battle  in  Gath,  where  was  a man 
“ of  great  stature,  that  had  on  every  hand  six  fingers,  and  on 
“ every  foot  six  toes,  four  and  twenty  in  number;  and  he  also 
“ was  born  to  the  giant."  The  same  account  is  repeated  in 
I Chronicles,  ch.  20.  v.  6. 

In  the  Elementa  Physiologiae  of  Baron  Haller,  numerous 
examples  of  this  deformity  are  cited  from  various  authors, 
with  some  instances  of  their  hereditary  descent,  and  others  of 
a cutaneous  junction  between  the  extra  limbs  and  the  next 
adjoining.* 

That  local  resemblances,  such  as  those  of  external  parts, 
the  hands,  the  feet,  the  nose,  the  ears,  and  the  eye-brows,  are 
hereditary,  is  well  known ; and  it  is  almost  equally  evident,  that 
some  parts  of  the  internal  structure  are  in  like  manner  trans- 
mitted by  propagation : we  frequently  see  a family  form  of 
the  legs  and  joints,  which  gives  a peculiar  gait,  and  a family 
character  of  the  shoulders,  both  of  which  are  derived  from  an 
hereditary  similarity  in  the  skeletons.  Family  voices  are  also 
very  common,  and  are  ascribable  to  a similar  cause.  Appa- 
rently many  of  our  English  surnames  have  been  taken  from 
the  hereditary  peculiarities  of  families,  and  the  same  practice 
existed  among  the  Romans.  Pliny,  in  his  eleventh  Book, 
chap.  43,  relates  an  instance  of  a Roman  poet,  named  Volca- 
tius,  who  had  six  fingers  on  each  hand,  and  received  the 

* Vide  Vol.  viii.  p.  98. 


99 


with  supernumerary  Fingers  and  Toes. 

surname  of  Sedigitus  in  consequence.  He  also  states,  that 
two  daughters  of  a noble  Roman,  named  M.  Curiatius,  had 
each  six  fingers,  and  that  they  took  the  surname  of  SedigitjE. 
Persons  who  had  the  surname  of  Flaccus  were  so  called 
from  their  pendulous  ears,  and  numerous  other  instances  are 
recorded  by  classic  writers  of  surnames  being  derived  from 
family  marks. 

Anatomical  researches  have  not  been  so  generally  extended 
as  to  determine  the  prevalence  of  internal  peculiarities,  and 
perhaps  they  do  not  reach  to  the  sanguineous  system.  I have 
known  two  instances,  in  two  different  families,  of  the  high 
division  of  the  brachial  arteries  having  the  ulnar  branch  placed 
above  the  fascia  of  the  biceps  muscle  at  the  inner  bend  of  the 
elbows,  and  yet  the  father,  the  mother,  the  brothers  and  sis- 
ters of  those  two  persons  were  not  so  formed.  Those  marks 
called  naevi  materni,  which  are  derangements  of  the  sangui- 
neous vessels,  are  not  hereditary,  whilst  less  remarkable 
changes  in  the  ordinary  skin  are  often  so.  I have  lately  seen 
a man,  and  who  is  now  living,  who  has  a small  pendulous 
fold  attached  to  the  skin  of  his  upper  eyelid,  and  the  same 
peculiarity  has  been  transmitted  to  his  four  children.  It  would 
have  been  interesting  to  know,  whether  any  similarity  of 
structure  existed  in  the  families  of  the  two  rare  examples  of 
a total  transposition  of  the  abdominal  and  thoracic  viscera. 
(Phil.  Trans,  for  1674,  No.  107.  pag.  146,  by  Dr.  Sampson, 
and  Vol.  78,  page  350.) 

In  particular  breeds  of  animals,  the  characteristic  signs  are 
generally  continued,  whether  they  belong  to  the  horns  of  kine, 
the  fleeces  of  sheep,  the  proportions  of  horses,  the  extensive 
varieties  of  dogs,  or  the  ears  of  swine.  In  China  the  varieties 
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of  gold  and  silver  fishes  are  carefully  propagated,  and  with 
us,  what  are  vulgarly  called  “ fancy  pigeons”  are  bred  into 
most  whimsical  deviations  from  their  parent  stock. 

As  wild  animals  and  plants  are  not  liable  to  the  same  varia- 
tions, and  as  all  the  variations  seem  to  increase  with  the  degree 
of  artificial  restraint  imposed,  and  as  certain  animals  become 
adapted  by  extraordinary  changes  to  extraordinary  conditions, 
it  may  still  be  expected  that  some  leading  fact  will  eventually 
furnish  a clue,  by  which  organic  varieties  may  be  better  ex- 
plained. A few  generations  of  wild  rabbits,  or  of  pheasants 
under  the  influences  of  confinement,  break  their  natural  co- 
lours, and  leave  the  fur  and  feathers  of  their  future  progeny 
uncertainly  variegated.  The  very  remarkable  changes  of  the 
colour  of  the  fur  of  the  hare,  and  the  feathers  of  the  partridge 
in  high  northern  latitudes,  during  the  prevalence  of  the  snow, 
and  the  adaptation  of  that  change  of  colour  to  their  better 
security,  are  coincidences  out  of  the  course  of  chance,  and  not 
easily  explained  by  our  present  state  of  physical  knowledge. 

I have  the  honour  to  be,  Dear  Sir, 

your  much  obliged  and  obedient  servant, 


To  the  Right  Hon.  Sir  Joseph  Banks,  Bart. 
K.  B.  P.  R.  S.  &c. 


ANTHONY  CARLISLE. 
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VIII.  Experiments  ajid  Observations  on  the  influence  of  the  Nerves 
of  the  eighth  Pair  on  the  Secretions  of  the  Stomach.  By  B.  C. 
Brodie,  Esq.  F.  R.  S.  Communicated  by  the  Society  for  the 
Promotion  of  Animal  Chemistry. 

Read  February  10,  1814. 

In  a paper  formerly  communicated  to  this  Society  by  Sir 
Everard  Home,  and  since  published  in  the  Philosophical 
Transactions  for  the  year  1809,  some  facts  were  stated  which 
render  it  probable  that  the  various  animal  secretions  are  depen- 
dent on  the  influence  of  the  nervous  system,  and  this  opinion 
seemed  to  derive  support  from  some  physiological  experi- 
ments which  were  afterwards  instituted  by  myself,  and  in 
which  it  was  observed,  that  after  the  functions  of  the  brain  had 
been  destroyed,  although  the  action  of  the  heart  continued, 
and  the  circulation  of  the  blood  was  maintained  as  under  or- 
dinary circumstances,  the  secreting  organs  invariably  ceased 
to  perform  their  office. 

It  has  been  attempted  by  former  physiologists  to  determine 
how  far  the  nerves  are  necessary  to  secretion,  but  there  are 
considerable  obstacles  in  the  way  of  this  inquiry,  and  no  ob- 
servations, that  have  been  hitherto  made,  appear  to  throw  a 
great  deal  of  light  on  the  subject.  The  only  method,  which 
can  be  devised,  of  ascertaining  by  direct  experiment,  whether 
the  nerves  are  really  necessary  to  secretion,  is  that  of  divid- 
ing the  nervous  branches  by  which  the  glands  are  supplied. 
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But  this,  with  respect  to  the  greater  number  of  the  glands,  is 
an  experiment  impossible  to  perform;  and,  with  respect  to 
others,  can  not  be  executed  without  so  much  disturbance  and 
injury  to  the  other  parts,  as  must  render  it  extremely  difficult 
to  arrive  at  any  positive  results.  Perhaps  in  future  investi- 
gations, some  circumstances  may  arise,  which  will  enable  us  to 
determine  more  satisfactorily  this  important  physiological  ques- 
tion. In  the  mean  time,  as  the  labours  of  physiologists  have 
hitherto  contributed  so  little  to  this  purpose,  any  facts  that 
tend  to  its  elucidation  may  deserve  to  be  recorded,  and  I am 
therefore  induced  to  lay  before  the  Society  the  following  ex- 
periments, which  afford  one  example  of  a secretion  being 
dependent  on  the  influence  of  the  nerves. 

The  stomach  derives  its  nerves  principally  from  those  of 
the  eighth  pair,  or  the  par  vagum ; and  the  same  nerves,  as 
they  assist  in  the  formation  of  the  semilunar  ganglions,  con- 
tribute to  the  supply  of  the  rest  of  the  alimentary  canal,  par- 
ticularly of  the  small  intestines.  In  an  inquiry  which  I had 
formerly  instituted,  respecting  the  functions  of  the  stomach, 
I divided  these  nerves  in  the  neck  of  a dog,  for  the  purpose 
of  ascertaining  the  influence  which  they  possess  on  the  secre- 
tion of  the  gastric  juice;  but  I was  disappointed  in  my  expec- 
tation, since  the  animals  always  died,  in  consequence  of  the 
disturbed  state  of  the  respiration,  which  the  injury  of  the 
nerves  occasioned,  before  there  was  an  opportunity  of  ascer- 
taining the  effect  produced  on  the  process  of  digestion. 

I had  formerly  ascertained,  that  in  a dog  poisoned  by  arsenic, 
there  is  a copious  secretion  of  mucous  and  watery  fluid  from 
the  mucous  membrane  of  the  stomach  and  intestines,  which 
are  in  consequence  found  after  death  completely  and  preter- 
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naturally  distended ; and  it  occurred  to  me,  that  although  I 
could  not  ascertain  the  effect  of  the  division  of  the  nerves 
of  the  eighth  pair  on  the  natural  secretions  of  the  stomach,  it 
might  be  possible  to  ascertain  the  effect  on  a secretion  thus 
artificially  produced.  With  this  view  I instituted  the  following 
experiments. 

Exp.  l.  The  nerves  of  the  eighth  pair  with  the  accompany- 
ing sympathetic  nerves,  were  divided  in  the  neck  of  a dog, 
and  immediately  afterwards  ten  grains  of  arsenic  were  in- 
serted into  a wound  of  the  thigh.  The  breathing  became 
laborious,  as  is  usual  where  these  nerves  are  divided,  and 
afterwards  the  same  symptoms  took  place,  as  commonly  arise 
from  the  poison  of  arsenic,  with  this  difference,  that  there  was 
no  discharge  of  fluid  either  from  the  stomach  or  intestines. 
He  died  at  the  end  of  three  hours  and  a half.  On  dissection, 
the  stomach  and  intestines  were  found  to  contain  only  food 
and  feces,  there  being  none  of  the  mucous  and  watery  se- 
cretion usually  met  with  in  an  animal  which  has  been  killed 
in  the  same  manner.  The  mucous  membrane  of  the  stomach 
and  intestines  w7as  highly  inflamed. 

Exp.  2.  The  experiment  was  repeated  on  another  dog.  He 
died  at  the  end  of  nine  hours,  and  on  dissection  the  stomach 
and  intestines  w7ere  not  found  to  contain  any  mucous  or 
watery  fluid.  Their  mucous  membrane  was  inflamed. 

Exp.  3.  A dog,  immediately  after  the  division  of  the  same 
nerves  in  the  neck,  was  made  to  swallow  two  ounces  of  satu- 
rated solution  of  white  oxide  of  arsenic  in  w?ater.  He  died  at 
the  expiration  of  three  hours : on  dissection,  the  stomach  and 
intestines  were  found  slightly  inflamed,  and  they  contained  no 
mucous  or  watery  fluid. 
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In  these  experiments,  the  animals  died  from  the  application 
of  the  arsenic,  and  the  poison  produced  the  usual  symptoms, 
with  the  exception  of  the  copious  mucous  secretion,  which  takes 
place  in  other  instances  from  the  stomach  and  intestines.  The 
obvious  conclusion  was,  that  this  secretion  was  prevented  in 
consequence  of  the  nervous  influence  having  been  interrupted 
by  the  division  of  the  nerves  of  the  eighth  pair;  but  as  this 
injury  always  induces  a disturbed  and  laborious  respiration,  it 
was  desirable  to  ascertain  how  far  this  circumstance  might 
have  operated  towards  the  production  of  this  effect,  and  I 
therefore  repeated  the  experiment,  but  with  this  difference, 
that  the  nerves  were  divided  in  such  a way  as  not  to  interfere 
with  the  functions  of  the  lungs. 

Exp.  4.  Having  made  an  incision  into  the  abdomen  of  a dog, 
immediately  below  the  short  ribs,  I divided,  by  means  of  a 
bistoury,  the  stomachic  ropes  formed  by  the  nerves  of  the 
eighth  pair,  where  they  are  situated  on  the  oesophagus,  im- 
mediately above  the  cardiac  orifice  of  the  stomach.  The 
wound  was  closed  by  sutures.  The  respiration  was  not  in  the 
least  disturbed,  but  was  performed  as  frequently,  and  with  as 
much  ease,  as  under  ordinary  circumstances.  The  animal 
was  afterwards  inoculated  in  the  thigh  with  the  white  oxide 
of  arsenic,  and  he  died  in  a few  hours  after  the  application  of 
the  poison,  with  the  ordinary  symptoms,  except  that  there  were 
no  fluid  evacuations  from  the  stomach  or  intestines. 

On  dissection,  the  mucous  membrane  of  the  stomach  and 
intestines  was  found  inflamed.  There  was  no  watery  or  mu- 
cous fluid  in  the  stomach  or  small  intestines.  There  was  a 
small  quantity  of  mucus  in  the  colon. 

The  result  of  this  being  the  same  as  that  of  the  former 
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experiments,  we  may  conclude  that  the  suppression  of  the 
secretions  in  all  of  them  was  to  be  attributed  solely  to  the 
division  of  the  nerves:  and  ail  the  facts  which  have  been 
stated  sufficiently  demonstrate,  that  the  secretions  of  the  sto- 
mach and  intestines  are  very  much  under  the  controul  of  the 
nervous  system.  We  cannot  indeed  venture  to  deduce  from 
them  any  positive  conclusions  respecting  the  necessity  of  the 
nervous  influence  to  the  secretions  in  general,  but  as  forming 
one  link  in  the  chain  of  an  interesting,  but  difficult  physiolo- 
gical investigation,  the  circumstances  which  have  been  men- 
tion may  perhaps  be  considered  as  possessing  some  value,  and 
as  worthy  of  being  recorded. 

It  is  proper  to  observe,  that  I have  attempted  to  pursue  the 
investigation,  so  as  to  ascertain  the  effect  produced  on  the 
process  of  digestion  by  the  division  of  the  stomachic  ropes  on 
the  termination  of  the  oesophagus,  but  various  circumstances, 
which  it  would  be  unnecessary  to  enumerate,  have  prevented 
my  proceeding  in  the  inquiry,  and  seem  almost  to  render  it 
impossible,  to  make  any  observations  on  this  subject. 


C 107  1 


IX.  On  a fossil  human  Skeleton  from  Guadaloupe.  By  Charles 
Konig,  Esq.  F.  R.  S.  In  a Letter  addressed  to  the  Right  Hon. 
Sir  Joseph  Banks,  Bart.  K.  B.  P.R.  S . 

Read  February  10,  1814. 

My  Dear  Sir, 

British  Museum,  Dec,  20,  1813. 

Th  e human  skeleton  imbedded  in  limestone,  lately  brought 
from  Guadaloupe  by  the  Hon.  Sir  Alexander  Cochrane,  and 
presented  by  the  Admiralty  to  the  British  Museum,  having 
excited  the  curiosity  of  the  public,  I do  myself  the  honour  of 
submitting  to  you  a short  account  of  these  fossil  remains, 
which,  (though  fully  aware  of  the  weight  of  those  arguments 
you  lately  urged  in  conversation,  as  unfavourable  to  the  pro- 
bability of  their  high  antiquity)  I am  still  led  to  consider  as 
not  altogether  uninteresting  to  the  geologist.  The  neglect  of 
the  more  recent  formations  of  rocks  was  one  principal  cause 
that  the  nature  and  origin  of  the  older  had  been  so  strangely 
misunderstood : it  is  to  the  more  attentive  observation  that 
has  of  late  years  been  paid  to  the  phenomena  which  they  pre- 
sent, that  we  are  indebted  for  the  knowledge  of  the  important 
fact,  that  secondary  fossils  are  the  productions  and  depositions 
of  various  periods ; by  which  happy  discovery  the  study  of 
these  remains,  formerly  a puerile  and  frivolous  pursuit,  has 
become  a most  important  branch  of  natural  science.  The 
osseous  relics  of  a later  period  are  more  particularly  calculated 
to  furnish  data  for  the  future  construction  of  a philosophical 
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theory,  at  least  of  the  crust  of  the  earth.  It  appears  there- 
fore strange,  that  these  latter,  although  they  speak  a far  more 
intelligible  language  than  the  rest,  should,  till  within  a very 
short  period,  have  been  almost  entirely  disregarded  by  the 
speculative  geologist.  Bones,  the  most  distinctly  organized, 
were  so  very  imperfectly  understood,  even  in  the  beginning 
of  the  last  century,  that  Dr.  Carl,  in  his  Ossiumfossilium  doci- 
masia , published  at  Frankfurt  in  1704,  found  it  necessary  to 
employ  all  his  powers  of  reasoning,  aided  by  chemical  ana- 
lysis, to  prove  that  they  were  neither  lusus  natures , nor  the 
results  of  a vis  plastic  a of  the  earth.  At  a still  later  period, 
the  principal  value  put  upon  the  discovery  of  these  fossil 
bones,  was  derived  from  the  supposed  proof  they  afforded  of 
the  former  existence  of  a gigantic  race  of  men,  or  from  the 
evidence  they  were  supposed  to  give  in  behalf  of  an  universal 
deluge:  and  it  is  curious  to  observe,  to  what  a degree  men 
eminent  for  science,  but  very  deficient  in  critical  acumen, 
have  been  led  astray  in  their  speculations,  under  the  influence 
of  preconceived  notions. 

Camper  and  Blumenbacii  were  among  the  first  who  thought 
of  connecting  the  subject  of  osseous  fossil  remains  with  sys- 
tematic geology.  The  former  of  these  naturalists  had,  at  first, 
controverted  the  doctrine  of  the  extinction  of  genera  and  spe- 
cies as  incompatible  with  divine  providence;  but,  afterwards 
adopting  it  himself,  he  alludes  to  a prior  creation  to  that  of 
man,  in  the  following  passage,  which,  I suppose,  has  never 
been  quoted:  “ Hodie,  quam  plurima  extinctorum  (animalium) 
“ specimina  in  Museo  meo  reperiunda,  et  meditationes  magis 
“ seriae,  persuaserunt  mihi,  sapientiae  Divinas  non  repugnare 
" legem,  qua  res  illas  vel  animalia  ilia  desinere  jubeat,  simulac 
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Sf  scopo  primario  nobis  incognito  satisfecerunt  penitus.  Con- 
“ victus  etiam  quam  maxime  sum,  orbem  nostrum  variis  illis 
“ ac  horrendis  catastrophis  fuisse  expositum  aliquot  seculis 
“ antequam  homo  fuit  creatus:  nunquam  enim  hucusque  videre 
“ mihi  contigit  verum  os  humanum  petrifactum,  aut  fossile, 
“ etiamsi  Mammonteorum,  Elephantorum,  Rhinocerotum,* 
“ Bubalorum,  aliorumque  perplurima  viderim  ossa."  Nova 
Act.  Petrop.  Tom.  II.  p.  251. 

But  on  the  history  of  the  strata  produced  by  the  more  recent 
catastrophes  of  the  globe  (and  it  is  the  formation  of  these 
alone  which  can  be  scrutinized  with  any  reasonable  prospect 
of  success)  most  light  has  been  thrown  by  the  indefatigable 
exertions  of  M.  Cuvier.  Superlatively  skilled  in  comparative 
anatomy,  this  gentleman  has  succeeded  in  determining  the 
fossil  bones  of  no  less  than  seventy-eight  species,  of  which 
forty-nine  are  entirely  unknown  among  the  existing  race  of 
animals ; about  twelve  are  identified  with  known  species,  and 
the  remainder  strongly  resemble  existing  species,  although 
their  identity  has  not  been  completely  ascertained.  From 
the  multiplied  observations  which  this  naturalist  has  com- 
municated in  his  numerous  memoirs,  we  may  gather  that 
the  viviparous  quadrupeds  appear  at  a much  later  period  in 
the  fossil  state  than  the  oviparous ; the  latter  being  probably 
coeval  with  the  fishes,  whilst  the  former  are  found  only  in 
the  newest  formations,  in  which,  according  to  Brongniart 
and  Cuvier's  interesting  discovery,  marine  beds  are  observed 
to  alternate  with  those  of  fresh  water,  and  which  (in  the 
neighbourhood  of  Paris)  overlay  the  coarse  shell  limestone 
which  constitutes  the  last  strata  formed,  as  it  would  appear, 
by  a long  and  quiet  stay  of  the  sea  on  our  continent. 
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All  the  circumstances  under  which  the  known  deposi- 
tions of  bones  occur,  both  in  alluvial  beds  and  in  the  caverns 
and  fissures  of  Fletz  limestone,  tend  to  prove,  that  the  animals 
to  which  they  belonged  met  their  fate  in  the  very  places 
where  they  now  lie  buried.  Hence  it  may  be  considered  as 
an  axiom,  that  man,  and  other  animals  whose  bones  are  not 
found  intermixed  with  them,  did  not  co-exist  in  time  and  place. 
The  same  mode  of  reasoning  would  further  justify  us  in  the 
conclusion  that,  if  those  catastrophes,  which  overwhelmed  a 
great  proportion  of  the  brute  creation,  were  general,  as  geo- 
gnostic observations  in  various  parts  of  the  world  render  pro- 
bable, the  creation  of  man  must  have  been  posterior  to  that  of 
those  genera  and  species  of  mammalia,  which  perished  by  a 
general  cataclysm,  and  whose  bones  are  so  thickly  dissemi- 
nated in  the  more  recent  formations  of  rocks. 

The  many  instances  of  Anthropolithi  described  by  authors, 
from  Scheuchzer’s  famous  “ Homo  diluvii  testis  et  0 io<ryto7rogy,> 
to  Spallanzani’s  mountain  of  human  bones  in  the  island  of 
Cerigo,  have  all  proved  not  to  be  what  they  were  taken  for 
by  the  ignorant  in  osteology,  and  cannot,  therefore,  be  ad- 
duced in  objection  to  the  above  reasoning.  Still  less  are  the 
incrustations  of  human  bones,  (from  the  once  celebrated  ske- 
leton preserved  in  the  Villa  Lodovisi  at  Rome,  to  the  skull 
found  in  the  Tiber,  and  preserved  in  the  British  Museum,)  cal- 
culated to  subvert  it;  nor  is  the  hypothesis  likely  to  be  greatly 
invalidated  by  the  subject  of  this  letter,  with  whose  history, 
however,  several  circumstances  are  connected  which  appear 
to  preclude  the  probability  of  a very  recent  deposition,  or 
which,  at  least,  require  further  elucidation,  before  its  relative 
age  can  be  pronounced  upon  with  any  degree  of  confidence. 
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The  human  skeletons  from  Guadaloupe  are  called  Galibi 
by  the  natives  of  that  island ; a name  said  to  have  been  that 
of  an  ancient  tribe  of  Caribs  of  Guiana;  but  which,  according 
to  your  plausible  conjecture,  originated  in  the  substitution  of 
the  letter  l instead  of  r in  the  word  Caribee.  I rind  no  mention 
made  of  them  by  any  author,  except  General  Ernouf,  in  a 
letter  to  M.  Faujas  St.  Fond,  inserted  in  Vol.  V.  (1805)  of 
the  Annales  du  Museum  ; and  by  M.  Lavaisse,  in  his  Voyage 
a la  Trinidad,  &c.  published  in  1813.  The  former  of  these 
gentlemen  writes,  that  on  that  part  of  the  windward  side  of 
the  Grande-Terre,  called  La  Moule , skeletons  are  fouid  en- 
veloped in  what  he  terms  “ Masses  de  Madrepores  petrifies,” 
which  being  very  hard,  and  situated  within  the  line  of  high 
water,  could  not  be  worked  without  great  difficulty,  but  that 
he  expected  to  succeed  in  causing  some  of  these  masses  to  be 
detached,  the  measurements  of  which  he  states  to  be  about 
eight  feet  by  two  and  a half. 

The  block  brought  home  by  Sir  Alex.  Cochrane  exactly 
answered  this  account,  with  regard  to  the  measurements ; its 
thickness  was  about  a foot  and  a half.  It  weighed  nearly  two 
tons ; its  shape  was  irregular,  approaching  to  a flattened  oval, 
with  here  and  there  some  concavities,  the  largest  of  which,  as 
it  afterwards  appeared,  occupying  the  place  where  the  thigh 
bone  had  been  situated,  the  lower  part  of  which  was  therefore 
wanting.  Except  the  few  holes  evidently  made  to  assist  in 
raising  the  block,  the  masons  here  declared  that  there  was  no 
mark  of  a tool  upon  any  part  of  it;  and  indeed  the  whole  had 
very  much  the  appearance  of  a huge  nodule  disengaged  from 
a surrounding  mass. 

The  situation  ol  the  skeleton  in  the  block  was  so  superficial. 
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that  its  presence  in  the  rock  on  the  coast  had  probably  been 
indicated  by  the  projection  of  some  of  the  more  elevated  parts 
of  the  left  fore- arm. 

The  operation  of  laying  the  bones  open  to  view,  and  of 
reducing  the  superfluous  length  of  the  block  at  its  extremities, 
being  performed  with  all  the  care  which  its  excessive  hard- 
ness and  the  relative  softness  of  the  bones  required,  the  ske- 
leton exhibited  itself  in  the  manner  represented  in  the  annexed 
drawing  (PL  III.),  with  which  my  friend  Mr.  Alexander, 
has  been  so  good  as  to  illustrate  this  description. 

The  skull  is  wanting;  a circumstance  which  is  the  more  to 
be  regretted,  as  this  characteristic  part  might  possibly  have 
thrown  some  light  on  the  subject  under  consideration,  or  would, 
at  least,  have  settled  the  question,  whether  the  skeleton  is  that 
of  a Carib,  who  used  to  give  the  frontal  bone  of  the  head  a 
particular  shape  by  compression,  which  had  the  effect  of  de- 
pressing the  upper  and  protruding  the  lower  edge  of  the 
orbits,  so  as  to  make  the  direction  of  their  opening  nearly  up- 
wards, or  horizontal,  instead  of  vertical.* 

The  vertebras  of  the  neck  were  lost  with  the  head.  The 
bones  of  the  thorax  bear  all  the  marks  of  considerable  con- 
cussion, and  are  completely  dislocated.  The  seven  true  ribs 
of  the  left  side,  though  their  heads  are  not  in  connexion  with 
the  vertebrae,  are  complete ; but  only  three  of  the  false  ribs 
are  observable.  On  the  right  side  only  fragments  of  these 
bones  are  seen  ; but  the  upper  part  of  the  seven  true  ribs  of 
this  side  are  found  on  the  left,  and  might  at  first  sight  be  taken 
for  the  termination  of  the  left  ribs ; as  may  be  seen  in  the 
drawing.  The  right  ribs  must,  therefore,  have  been  violently 

* See  the  excellent  figures  in  Blumeneach’s  Decades. 
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broken  and  carried  over  to  the  left  side,  where,  if  this  mode 
of  viewing  the  subject  be  correct,  the  sternum  must  likewise 
lie  concealed  below  the  termination  of  the  ribs.  The  small 
bone  dependent  above  the  upper  ribs  of  the  left  side,  appears 
to  be  the  right  clavicle.  The  right  os  humeri  is  lost ; of  the 
left  nothing  remains  except  the  condyles  in  connexion  with 
the  fore-arm,  which  is  in  the  state  of  pronation:  the  radius 
of  this  side  exists  nearly  in  its  full  length,  while  of  the  ulna 
the  lower  part  only  remains,  which  is  considerably  pushed 
upwards.  Of  the  two  bones  of  the  right  fore-arm,  the  inferior 
terminations  are  seen.  Both  the  rows  of  the  bones  of  the 
wrists  are  lost,  but  the  whole  metacarpus  of  the  left  hand  is 
displayed,  together  with  part  of  the  bones  of  the  fingers:  the 
first  joint  of  the  fore-finger  rests  on  the  upper  ridge  of  the  os 
pubis,  the  two  others,  detached  from  their  metacarpal  bones, 
are  propelled  downwards,  and  situated  at  the  inner  side  of  the 
femur  and  below  the  foramen  magnum  ischii  of  this  side. 
Vestiges  of  three  of  the  fingers  of  the  right  hand  are  likewise 
visible,  considerably  below  the  lower  portion  of  the  fore-arm, 
and  close  to  the  upper  extremity  of  the  femur.  The  vertebras 
may  be  traced  along  the  whole  length  of  the  column,  but  are 
in  no  part  of  it  well  defined.  Of  the  os  sacrum,  the  superior 
portion  only  is  distinct : it  is  disunited  from  the  last  vertebra 
and  the  ilium,  and  driven  upwards.  The  left  os  ilium  is  nearly 
complete,  but  shattered,  and  one  of  the  fragments  depressed 
below  the  level  of  the  rest:  the  ossa  pubis,  though  well  de- 
fined, are  gradually  lost  in  the  mass  of  the  stone.  On  the 
right  side,  the  os  innominatum  is  completely  shattered,  and 
the  fragments  are  sunk  ; but  towards  the  acetabulum,  part  of 
its  internal  cellular  structure  is  discernible. 
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The  thigh  bones  and  the  bones  of  the  leg  of  the  right  side 
are  in  good  preservation,  but  being  considerably  turned  out- 
wards, the  fibula  lies  buried  in  the  stone,  and  is  not  seen. 
The  lower  part  of  the  femur  of  this  side  is  indicated  only  by 
a bony  outline,  and  appears  to  have  been  distended  by  the 
compact  limestone  that  fills  the  cavities  both  of  the  bones  of 
the  leg  and  thigh,  and  to  the  expansion  of  which  these  bones 
probably  owe  their  present  shattered  condition.  The  lower 
end  of  the  left  thigh  bone  appears  to  have  been  broken  and 
lost  in  the  operation  of  detaching  the  block ; the  two  bones  of 
the  leg,  however,  on  this  side,  are  nearly  complete : the  tibia 
was  split  almost  the  whole  of  its  length  a little  below  the  ex- 
ternal edge,  and  the  fissure  being  filled  up  with  limestone, 
now  presents  itself  as  a dark  coloured  straight  line.  The 
portion  of  the  stone  which  contained  part  of  the  bones  of  the 
tarsus  and  metatarsus  was  unfortunately  broken ; but  the  se- 
parate fragments  are  preserved. 

The  whole  of  the  bones,  when  first  laid  bare,  had  a moul- 
dering appearance,  and  the  hard  surrounding  stone  could  not 
be  detached  without  frequently  injuring  their  surface;  but 
after  an  exposure  for  some  days  to  the  air,  they  acquired  a 
considerable  degree  of  hardness.  Sir  H.  Davy,  who  subjected 
a small  portion  of  them  to  chemical  analysis,  found  that  they 
contained  part  of  their  animal  matter,  and  all  their  phosphate 
of  lime. 

The  calcareous  rock  in  which  these  bones  are  imbedded,  is 
an  aggregate,  composed  principally  of  zoophytic  particles, 
and  the  detritus  of  compact  limestone  : it  readily  dissolves  in 
diluted  nitric  acid,  without  leaving  any  evident  residue.  Its 
general  colour  is  greyish  yellow,  passing  into  yellowish  grey. 
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When  more  closely  examined,  it  is  found  to  consist  of  yef- 
lowish  grains,  intermixed  with  others  of  a more  or  less  deep 
flesh  red  colour.  These  grains,  though  minute,  are  in  some 
parts  of  the  mass  perfectly  defined,  and  in  close  contact  with 
each  other,  although  no  cement  is  perceptible ; in  other  parts 
they  are,  as  it  were,  confluent,  forming  a more  or  less  porous 
mass;  in  others  again  they  form  a compact  mass,  in  which 
the  former  distinct  concretions,  especially  the  red  ones,  are 
only  indicated  by  a difference  of  colour. 

The  red  grains  that  enter  the  composition  of  the  rock,  ap- 
peared at  first  view  to  be  particles  of  red  coral  (isis  nobilis), 
which  has  hitherto  been  found  only  in  the  Mediterranean ; 
but  on  closer  examination,  their  structure  proved  them  to  be 
the  detritus  of  a millepora,  and  indeed  one  fragment  of  a 
larger  size  than  the  rest  renders  it  probable  that  it  is  mille- 
pora miniacea  of  Pallas.  The  last  mentioned  fragment  was 
coalesced  with  a piece  of  very  compact  white  madrepore,  and 
intimately  connected  with  the  surrounding  mass.  Shells  also 
are  found  in  this  rock : the  one  most  distinct  is  a helix,  ap- 
proaching in  form  and  size  to  helix  acuta  of  Martini,  (Con- 
chiol.  Vol.  IX.  Pi.  XXX.  fig.  224.),  but  differing  in  the 
form  of  the  whorls  which  are  less  convex  and  distinct,  and 
have  three  bands  on  the  body  volution,  instead  of  one.  An- 
other shell,  of  which  a few  only  were  discovered  in  the  mass, 
appears  to  be  turbo  pica  of  Linnaeus  in  a worn  state:  the 
brown  spots  are  still  distinctly  seen  on  its  surface.  Dr.  Leach 
intends  to  dedicate  a plate  of  one  of  the  next  numbers  of  his 
“ Zoological  Miscellany”  to  the  illustration  of  these  and  some 
other  shells  related  to  them. 

Besides  these  bodies,  I found,  near  the  surface  of  the  block, 
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part  of  a bone  of  a concentric  lamellated  structure,  apparently 
the  fragment  of  a tusk,  but  of  what  animal  I am  unable  to 
determine;  also  a large  fragment  of  a basaltic  stone;  and 
here  and  there  small  nests  and  dots  of  a black  powdery  sub- 
stance, which,  from  its  decomposing  nitre  with  great  energy, 
appears  to  be  pure  charcoal. 

The  hardness  of  this  limestone,  as  calculated  by  the  degree 
of  impression  made  upon  it  by  the  mason's  saw  and  chisel, 
surpasses  that  of  statuary  marble. 

From  this  description  of  the  rock,  it  will  be  sufficiently  clear, 
that  it  is  by  no  means  of  a stalactical  nature,  and  cannot  there- 
fore be  compared  either  with  travcrtino,  or  any  other  che- 
mical calcareous  deposition  of  this  kind.  Its  origin  seems 
unquestionably  to  be  similar  to  that  of  common  sandstone, 
only  that  the  grains  of  which  it  is  composed  have  in  some 
parts  become  confluent,  and  formed  a nearly  compact  lime- 
stone. Whether  this  last  circumstance  be  not  in  part  owing 
to  the  admixture  of  the  gelatinous  matter  of  the  bones  and 
muscular  parts  of  the  body  of  which  it  is  the  remains,  I am 
not  prepared  to  decide;  certain  it  is,  that  the  mass  approaches 
more  to  the  compact  state  in  the  immediate  vicinity  of  the 
bones,  than  at  a distance  from  them.  Dr.  Thomson  informs 
me  that  he  has  found  traces  of  phosphate  of  lime  in  this 
stone. 

Respecting  the  age  of  these  fossil  remains,  if  not  much  po- 
sitive information  can  be  derived  from  the  preceding  details, 
they  will  prove  at  least,  that  the  enveloping  rock  is  not  of  a 
stalactic  nature,  and  that  the  bones,  after  they  were  deposited, 
underwent  a degree  of  violence  which  dislocated  and  fractured 
them,  without  removing  the  fragments  to  a distance  from  each 
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other.  It  may  therefore  be  safely  concluded,  that  the  sur- 
rounding mass  must  have  been  in  a soft  or  semi-fluid  state, 
which,  whilst  it  opposed  no  effectual  resistance  to  a shock 
from  without,  readily  filled  up  the  chasms  produced  by  it. 

From  the  composition  of  the  stone,  a late  period  may,  per- 
haps, be  assigned  to  its  formation;  yet  there  is  nothing  in  the 
above  description  that  necessarily  implies  a very  recent  origin. 
For  although  there  are  many  instances  of  gravel  and  sand 
being  quickly  formed  into  hard  masses ; and  even  art  has 
availed  itself  of  this  circumstance  to  produce  from  the  granitic 
detritus  a complete  regenerated  granite  (in  which  cementa- 
tion of  loose  siliceous  grains  oxyd  of  iron  is  well  known  to  be 
a powerful  agent),  yet  we  know  of  no  limestone  being  formed 
as  it  were  under  the  eyes  of  men  ; for  stalactically  concreted 
limestone,  as  I have  already  observed,  should  not  be  con- 
founded with  this. 

Saussure  (as  you  had  the  goodness  to  point  out  to  me) 
mentions,  indeed,  sands  on  the  shore  near  Messina,  which,  by 
means  of  a calcareous  juice  from  the  sea,  as  that  writer  ex- 
presses himself,  acquire  a degree  of  hardness,  which  renders 
them  fit  to  serve  for  mill-stones  ; but  it  would  appear,  from 
the  context,  that  the  sand  thus  agglutinated  is  siliceous. 

The  circumstance  of  these  bones  not  being  actually  petrified, 
and  even  retaining  part  of  their  gluten,  though  considered  by 
some  as  a proof  of  their  recent  deposition,  is  by  no  means 
conclusive ; for  there  does  not  seem  to  be  any  reason  why 
lapidification  of  organic  bodies  should  ever  take  place,  under 
circumstances  unfavourable  to  that  remarkable  process : ac- 
cordingly, the  bones  in  the  Fletz  limestone  caverns,  and  in  the 
breccia  of  Gibraltar,  Dalmatia,  Cette,  &c.  appear  not  to  have 
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made  the  least  progress  towards  a petrified  state.  Most  of 
the  ivory  employed  in  Russia  is  derived  from  the  tusks  of  the 
fossil  extinct  species  of  elephant ; and  even  the  osseous  re- 
mains of  the  plaister  quarries  of  Paris,  according  to  Vauoue- 
lin's  analysis,  have  yielded  animal  matter.  Shells  also  may, 
for  a considerable  lapse  of  time,  escape  the  influence  of  petri- 
fying causes ; a remarkable  instance  of  which  we  have  in  the 
calcareous  rock  of  Maestricht,  which,  together  with  the  re- 
mains of  extinct  species  even  of  amphibious  animals,  encloses 
shells  but  very  little  altered  from  their  original  state. 

The  attention  of  geologists  being  now  directed  towards  this 
object,  it  may  be  expected  that  a scientific  examination  of  the 
circumstances  under  which  this  limestone  occurs,  will  not  fail 
ere  long  to  fix  its  age,  and  assign  to  it  the  place  it  is  to  occupy 
in  the  series  of  rocks.  All  our  present  information  respecting 
the  grande  terre  of  Guadaloupe  amounts  to  this,  that  it  is  a flat 
limestone  country,  derived  principally  from  the  detritus  of 
zoophytes,  with  here  and  there  single  hills  ( momes ) composed 
of  shell  limestone  ; while  Guadaloupe  properly  so  called,  se- 
parated from  the  other  part  by  a very  narrow  channel  of  the 
sea,  has  no  trace  of  limestone,  and  is  entirely  volcanic.  It  is 
the  opinion  of  father  Labat,  who  is  followed  by  Buffon,  that 
the  grande  terre , of  a far  more  recent  origin  than  the  other 
part  of  Guadaloupe,  was  originally  a shoal  covered  with 
corals,  which  emerged  from  the  deep  in  consequence  of  the 
retreat  of  the  sea.  Others,  who  have  visited  those  parts,  such 
as  Messrs.  Peyre,  Hapel,  Amic,  &c.  find  in  the  irregularity, 
of  stratification  and  the  tumultuous  manner,  in  which,  as  they 
tell  us,  the  shells  are  dispersed  in  the  rocks  composing  the 
grande  terre , a strong  indication,  that  this  portion  of  the  island 
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owes  its  existence  to  the  same  subterraneous  energies,  which 
still  manifest  themselves  in  the  eruptions  of  the  Souffriere. 

M.  Lavaisse,  to  whom  I alluded  above,  as  the  only  author 
who  mentions  the  galibies,  except  General  Ernouf,  speaks  of 
the  bed  of  limestone  which  encloses  them,  as  the  most  re- 
markable of  the  calcareous  rocks  in  the  Leeward  islands ; I 
therefore  expected  to  find  in  his  work  an  exact  statement  of 
its  mode  of  occurring ; but  the  only  positive  information  I 
could  collect  from  this  author  is,  that  the  bed  is  a kilometre 
[ nearly  an  English  mile)  in  length,  and  that  it  is  covered  by  the 
sea  at  high  water.  According  to  him,  no  trace  of  shells  or 
organized  bodies  are  discoverable  in  this  rock ; but  in  lieu  of 
these  he  was  fortunate  enough  to  meet  with  mortars,  pestles, 
hatchets,  &c.  of  a basaltic  or  porphyritic  rock,  which,  we  are 
informed,  were  petrified  ( petrifies ).  From  this  very  vague 
account,  I should  not  be  induced  to  lay  much  stress  upon  the 
circumstance  that  the  position  of  the  skeletons  is  east-west, 
and  that  the  spot  must,  therefore,  have  been  a cemetery,  which 
time  and  circumstances  have  transformed  into  a hard  calcare- 
ous rock. 

I have  to  apologize  to  you,  my  dear  Sir,  for  this  very  long 
letter  on  a subject  which  may  possibly  turn  out  to  be  inte- 
resting only  so  far,  as  the  human  bones  from  Guadaloupe  are 
unquestionably  the  only  bones  we  are  acquainted  with  that  have 
ever  been  found  imbedded  in  a hard  stony  mass,  that  does  not 
appear  to  belong  to  common  stalactical  calcareous  depositions. 
This  circumstance  admits  of  being  easily  ascertained  by  a close 
inspection  of  the  locality;  and  I am  perfectly  of  your  opinion, 
that  a comparison  of  the  nature  of  the  different  varieties  of 
shell  sand  with  which  the  neighbourhood  of  the  Caribee  islands 
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abounds,  would  alone  be  sufficient  to  remove  many  doubts 
relative  to  the  origin  of  the  bed  in  question.  The  sand  from 
thence,  which  I had  an  opportunity  of  seeing,  was  unlike  that 
of  which  the  stone  is  composed. 

I have  the  honour  to  remain,  with  every  sentiment  of  respect, 
my  dear  Sir, 

your  most  obedient 

and  obliged  servant, 

CHARLES  KONIG. 
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X.  A new  Method  of  deducing  a first  Approximation  to  the  Orbit 
of  a Comet  from  three  Geocentric  Observations.  By  James  Ivory, 
A.  M.  Communicated  by  Henry  Brougham,  Esq.  F.  R S. 

Read  February  17,  1814. 

Comets  are  distinguished  from  the  planets  not  only  by  the 
peculiarities  that  immediately  strike  the  eye,  but  likewise  by 
the  circumstances  attending  their  motion  in  the  heavens.  All 
the  planets  move  round  the  sun  in  orbits  nearly  circular;  they 
nevor  deviate  far  from  the  ecliptic  on  either  side ; and  they 
move  in  a manner  not  extremely  irregular,  and  in  one  direc- 
tion, according  to  the  order  of  the  signs  in  the  zodiac.  Comets, 
on  the  contrary,  when  they  first  come  into  view,  assume  gra- 
dually greater  degrees  of  brightness,  which  they  again  lose 
by  like  gradations,  and  then  disappear ; thus  seeming  to  visit 
the  neighbourhood  of  the  sun  for  a short  time  only,  after  which 
they  retire  into  the  immensity  of  space:  they  are  seen  in  all 
quarters  of  the  heavens  : and  their  motion  is  exceedingly  va- 
rious and  irregular;  confined  to  no  direction;  sometimes 
greatly  curved,  and  often  hardly  distinguishable  from  a rec- 
tilineal course.  If,  to  phenomena  so  dissimilar,  we  add  the 
prejudice  which  almost  universally  prevailed,  that  comets 
have  only  a temporary  existence,  and  are  produced  by  occa- 
sional causes,  we  shall  not  perhaps  have  much  reason  to  be 
surprised  that  the  true  account  of  those  bodies,  which  repre- 
sents them  as  forming  a part  of  the  same  system  with  the 
planets,  eluded  the  sagacity  of  Kepler,  to  whom  we  are 
mdcccxiv.  R 
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indebted  for  the  first  accurate  knowledge  of  the  laws  of  the 
planetary  motions.  This  step  in  our  knowledge  of  the  uni- 
verse was  reserved  for  Sir  Isaac  Newton.  The  principal  and 
leading  discovery  of  that  great  philosopher  consisted  in  gene- 
ralizing the  laws  of  Kepler  ; in  proving  that  they  are  neces- 
sary consequences  of  a more  general  fact,  namely,  that  all  the 
planets  are  continually  deflected  from  a rectilineal  motion  to- 
wards the  sun  in  the  inverse  proportion  of  the  squares  of  their 
distances  from  that  body.  He  demonstrated  that  the  motions  of 
such  a system  of  bodies  must  be  performed  in  the  conic  sections, 
having  the  sun  in  the  focus,  the  species  of  the  curve  depend- 
ing upon  the  proportion  of  the  rectilineal  velocity  to  the  quan- 
tity of  the  deflection  towards  the  common  centre.  This  theory 
comprehends  an  infinite  variety  of  motions,  all  flowing  from 
one  common  principle;  and  the  ellipse  alone,  by  the  changes 
of  form  which  it  undergoes  according  to  the  degrees  of  its 
eccentricity,  seems,  at  one  extreme,  when  it  is  greatly  elon- 
gated, as  well  adapted  to  account  for  the  phenomena  of  the 
comets,  as  it  is,  at  the  other  extreme,  when  it  differs  little  from 
a circle,  to  represent  the  motions  of  the  planets. 

To  try  if  this  theory  will  account  for  the  actual  appearances, 
it  is  necessary  to  determine,  by  means  of  terrestrial  observa- 
tions, the  magnitude  and  position  of  the  curve  in  which  a comet 
moves  round  the  sun.  Having  selected  as  many  observed 
places  of  a comet  as  are  necessary  for  this  purpose,  the  re- 
maining observations  will  serve  as  so  many  tests  of  the  accuracy 
of  the  theory.  When  a comet  appears  for  the  first  time,  it  is, 
indeed,  hardly  possible  to  determine  its  orbit  with  exactness. 
The  very  eccentric  ellipses  in  which  those  bodies  move,  allow 
them  to  be  seen  only  when  they  are  near  the  sun  ; and  in  this 
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situation,  the  nicest  observations  do  not  enable  us  to  distinguish 
the  real  orbit  from  the  parabola  with  which  it  intimately  co- 
incides. It  is  only  after  one  or  more  reappearances  of  the 
same  comet,  that  we  can  hope  to  discover  the  period  of  its 
revolution  round  the  sun,  and  the  mean  distance  of  the  ellipse 
in  which  its  motions  are  really  performed  : unless  indeed  a 
rare  instance  may  sometimes  occur,  in  which  the  length  of 
time  a comet  continues  visible,  and  a great  number  of  obser- 
vations extending  over  a considerable  portion  of  the  orbit, 
may  mark  so  great  deviations  from  a parabolic  motion  as  to 
lead  to  a tolerably  exact  estimation  of  the  elliptic  elements. 
For  a single  appearance  we  must  be  content  with  supposing 
the  orbit  to  be  a parabola  ; a supposition  which,  if  it  be  not 
rigorously  true,  serves  important  purposes  in  astronomy:  it 
proves  that  the  comets  move  round  the  sun  by  the  same  laws 
as  the  planets ; and  it  enables  us  to  discover  the  identity  of  a 
comet  with  one  already  observed,  when  we  find  that  they  agree 
in  having  the  same  parabolic  elements. 

> 

Three  geocentric  observations  of  the  longitude  and  latitude 
of  a comet  are  sufficient  for  determining  the  parabola  which  it 
describes.  The  problem  is  one  of  great  difficulty.  The  appa- 
rent motion  of  a comet  is  the  combined  effect  of  its  own  motion 
and  of  that  of  the  earth  ; it  is  therefore  extremely  irregular 
and  intricate;  and  on  this  account  it  is  difficult  to  deduce  the 
heliocentric  positions  from  observations  made  on  the  earth's 
surface.  We  can  observe  the  planets  at  all  times  and  in  all 
situations ; and  with  regard  to  them  we  can  thus  select  those 
positions  where  the  heliocentric  places  are  found  immediately 
from  observation,  without  any  perplexed  calculations;  but  we 
are  deprived  of  this  expedient  in  the  case  of  the  comets, 
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which  continue  visible  for  a short  time  only,  and  in  a small 
part  of  their  orbit. 

In  order  to  evade  the  difficulties  attending  a direct  consi- 
deration of  the  problem,  and  to  obtain  an  approximate  solution 
at  least,  Sir  Isaac  Newton  proposed  to  take  a small  portion 
of  the  orbit  for  a straight  line  described  with  a uniform  motion. 
On  this  supposition  the  projections  of  the  comet  on  the  plane 
of  the  ecliptic  will  lie  in  one  straight  line  as  well  as  the  real 
places  in  the  heavens;  and  the  several  parts  of  both  lines  will 
have  the  same  proportions  as  the  intervals  of  time  between 
the  observations : so  that  in  order  to  find  the  projection  of  a 
comet's  trajectory  on  the  plane  of  the  ecliptic,  we  have  only  to 
draw  a straight  line  which  shall  cut  the  several  straight  lines 
whose  positions  are  determined  by  the  observed  longitudes 
in  such  a manner  that  the  intercepted  segments  shall  have 
given  proportions.  With  three  observations  only  this  problem 
is  indeterminate,  or  admits  of  innumerable  solutions:  for,  let 
AP-,  BE,  CO,  (fig.  1.  PI.  IV.)  drawn  in  the  plane  of  the  ecliptic, 
represent  the  directions  in  which  the  comet  is  seen  from  the 
earth  at  the  three  observations ; then,  having  assumed  any 
point  at  pleasure,  as  E,  in  one  of  those  lines,*  we  can  draw, 
through  that  point,  a straight  line  PO  to  terminate  in  the  other 
two  lines  AP  and  CQ,  so  that  PE  and  EQ  shall  have  the  same 
proportion  as  the  intervals  of  time  between  the  observations. 
When  four  observations  are  employed,  the  problem,  gene- 
rally speaking,  is  determinate,  and  is  easily  solved. •f 

* Prin.  Math.  Lib.  3,  Lem.  7. 

+ Arith.  Univ.  Prob.  52.  Prin.  Math.  Lib.  1,  Lem.  27  Cor.  Tho.  Simpson’j 
Elem.  Geom.  3d  edit.  p.  353.  Da  v.  Greg.  Astr.  Phys.  et  Geo.  Elem.  Lib.  5,  Prop.  1 1. 
Edin.  Tran.  Vol.  Ill, 
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If  we  reflect  on  the  suppositions  made  by  Newton  for  sim- 
plifying the  method  of  finding  a comet's  trajectory,  it  must  be 
admitted  that  they  seem  judicious,  and  that  they  are  founded 
in  fact.  In  the  usual  circumstances  in  which  terrestrial  obser- 
vations are  made,  there  is  no  doubt  that  the  real  path  of  a 
comet,  for  a short  time  at  least,  differs  little  from  a straight 
line,  and  that  the  motion  is  nearly  uniform.  Yet  the  problem 
grounded  on  these  suppositions,  although  it  has  been  often 
applied,  has  never,  in  any  instance,  led  to  a satisfactory  deter- 
mination of  a comet's  orbit.  The  reason  of  this  was  first 
noticed  by  Boscovich,  who  shewed  that  in  the  actual  state  of 
the  data,  owing  to  the  earth  and  the  comet  being  both  in  mo- 
tion, the  problem  is  as  indeterminate  when  four  observations 
are  employed,  as  we  have  already  remarked  that  it  is  in  the 
case  of  three  observations  only. 

In  order  to  explain  what  has  just  been  said,  it  must  be  ob- 
served that,  for  a short  time,  the  earth  as  well  as  a comet,  may 
be  supposed  to  move  in  a straight  line  with  a uniform  velocity. 
If  we  draw  a tangent  to  that  point  of  the  earth's  orbit  which 
the  planet  would  occupy  at  the  middle  instant  between  the 
two  extreme  observations,  the  supposition  of  a uniform  motion 
in  the  tangent  will  not  much  displace  the  earth  from  its  real 
positions,  and  will  produce  but  little  alteration  in  the  apparent 
places  of  a comet.  Suppose  then  that  the  earth  moves  with  a 
uniform  motion  in  the  straight  line  AD,  (fig.  2.  PI.  IV.)  so  that 
the  parts  AB,  BC,  CD,  are  proportional  to  the  intervals  of  time 
between  four  observations  of  a comet : also  let  the  four  observed 
placesofthe  comet  in  the  ecliptic  be  represented  by  the  points 
P,  E,  F and  Q lying  in  one  straight  line  of  which  the  parts  PE, 
EF,  FQ,  are  proportional  to  the  same  intervals  of  time,  and 
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consequently  to  the  segments  AB,  BC,  CD : then  the  lines  AP, 
BE,  CF,  DQ,  or  the  directions  in  which  the  comet  is  seen  from 
the  earth,  will  be  given  by  position  on  account  of  the  observed 
longitudes.  Draw  DM  parallel  to  AP,  and  PM  parallel  to  AD, 
and  join  QM : now  if  we  assume  any  point  whatever  in  the 
line  AP,  as  p ; and  draw  pm  parallel  to  PM,  and  mq  parallel 
to  MO;  then,  the  line pq  being  drawn,  it  will  be  cut  by  the 
lines  BE  and  CF  into  segments  having  the  same  proportions 
as  the  segments  of  the  lines  AD  and  PQ.  To  demonstrate 
this : draw  BH  and  CG  parallel  to  AP  and  DM,  and  let  those 
lines  meet  PM  in  H,  G,  and  pm  in  h,  g : join  HE,  GF ; and 
because  the  segments  of  PM  are  equal  to  the  segments  of  AD, 
they  will  be  proportional  to  the  segments  of  PQ  (hyp.); 
therefore  (E.  2.  VI.)  HE  and  GF  will  be  parallel  to  MO  and 
mq:  draw  he  and  gf  parallel  to  HE  and  GF;  and  consequently 
(E.  2.  VI.)  pq  will  be  cut  in  e and/ in  the  same  proportion  as 
AD  is  cut  in  B and  C,  and  PQ  in  H and  G:  and  I say  that  BE 
will  cut  pq  in  e , and  CF  will  cut  it  in  f.  For  on  account  of  the 
parallel  lines,  and  because  PM  = pm , P G — pg,  PH  = pht 
therefore 

QM  : HE  : : qm  : he 
QM  : GF  : : qm  : gf 

and,  by  alternation, 

QM  : qm  : : HE  : he 
QM  : qm  : : GF  : gf 

but,  on  account  of  the  similar  triangles  ODM,  qdm, 

QM  : qm  : : MD  : mD 

therefore,  because  MD  = GC  = BH,  and  mD  = C 'g  = Bh, 

BH  : Bh  : : HE  : he 
CG  : Cj-  : : GF  : gf 
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consequently  BE  will  cut pq  in  e , and  CF  will  cut  it  in/.  Thus 
it  is  proved  that  innumerable  lines  may  be  drawn  that  will  all 
be  cut  by  the  four  lines  i\.P,  BE,  CF,  DO  into  segments  hav- 
ing the  same  proportions  as  the  intervals  of  time  between  four 
observations  of  a comet.  The  problem  is  therefore  not  more 
determinate  with  four,  or  even  a greater  number  of,  observa- 
tions, than  it  is  with  three : and  it  is  totally  unfit  for  finding 
the  lengths  of  the  lines  AP,  BE,  CF,  DO,  or  the  comet's  dis- 
tances from  the  earth.  The  shorter  we  make  the  intervals 
of  time  between  the  observations,  and  the  more  exactly  the 
suppositions  made  by  Sir  Isaac  Newton  are  fulfilled,  the  less 
fitted  is  the  problem  to  answer  the  purposes  of  astronomy, 
because  it  approaches  more  nearly  to  the  conditions  which 
make  it  indeterminate.* 

Besides  the  method  of  which  we  have  hitherto  been  speak- 
ing, Sir  Isaac  Newton  likewise  gave  another  very  able  solu- 
tion of  the  problem,/  which  however  is  too  tedious  and 
laborious  in  practice  to  fulfil  the  wishes  of  astronomers,  and 
it  is  now  disused.  Dr.  Halley,  who  studied  the  astronomy 
of  comets  with  much  diligence,  has  no  where  explained  the 
method  he  followed  in  determining  tlteir  orbits.  Since  his  time 
this  problem  has  not  been  much  discussed  in  England ; but  it 
is  the  subject  of  a great  number  of  researches  scattered  in  the 
academical  collections  of  the  learned  societies  on  the  conti- 
nent. All  the  resources  of  the  modern  mathematics  have 
been  directed  to  overcome  the  peculiar  difficulties  of  this  in- 
tricate investigation.  Yet  it  must  be  confessed  that  practical 
astronomy  has  not  reaped  so  much  benefit  as  might  justly 

* Vide  a Memoir  by  Professor  Platfair  in  the  3d  Vol.  of  the  Edin.  Trans. 

f Prin.  Math.  Lib.  3,  Prop.  41. 
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have  been  expected  from  the  labours  of  so  many  eminent 
men.  In  most  of  the  solutions  that  have  been  proposed  we 
find  certain  coefficients  which  are  not  only  extremely  small 
when  reduced  into  numbers,  but  they  likewise  suffer  great 
alterations  in  their  relative  magnitudes  when  small  changes, 
within  the  limits  of  the  probable  errors,  are  made  in  the  quan- 
tities furnished  by  observation.  In  such  circumstances  the 
results  obtained  are  often  wide  of  the  truth,  and  in  no  case  caq 
entire  dependence  be  had  on  their  accuracy.  The  fact  is  that  the 
solutions  here  spoken  of,  are  uncertain  and  useless  in  practice 
for  the  very  same  reason  as  the  one  already  mentioned,  which 
supposes  the  orbit  to  be  rectilineal,  and  proposes  to  deduce  it 
from  four  observations  Nor  is  this  to  be  wondered  at.  We 
have  already  shewn  that  it  is  not  any  inaccuracy  in  the  sup- 
positions made  by  Sir  Isaac  Newton,  which  renders  his  first 
method  insufficient  and  of  no  use  in  practical  astronomy;  nor 
is  this  owing  to  any  defectiveness  in  the  geometrical  construc- 
tion ; it  arises  from  his  having  overlooked  that  connection 
between  the  motion  of  the  earth  and  the  motion  of  the  comet, 
which  makes  the  data  approach  so  near  the  indeterminate  case 
of  the  problem  that  the  conclusion  becomes  quite  uncertain. 
We  fall  upon  the  indeterminate  case  when  we  suppose  both 
the  earth  and  the  comet  to  move  in  straight  lines  with  uniform 
velocities ; and  the  very  same  hypothesis  will  be  found  to 
make  the  small  coefficients  alluded  to,  accurately  evanescent.* 
The  inconvenience  is  inherent  in  the  quantities  obtained  by 

* The  small  coefficients  here  mentioned,  are  exactly  evanescent  when  all  the  three 
observed  places  of  a comet  are  in  one  great  circle  of  the  heavens  : but  it  is  easy  to 
prove  that  if  two  celestial  bodies  be  supposed  to  move  uniformly  in  straight  lines,  one 
of  them  will  be  seen  from  the  other  to  describe  constantly  the  same  great  circle. 


i«9 


a first  Approximation  to  the  Orbit  of  a Comet. 

observation,  and  it  cannot  be  entirely  obviated  merely  by 
pursuing  new  methods  of  solution,  nor  by  pushing  calculation 
to  greater  degrees  of  exactness.  The  problem  cannot  be 
•justly  and  usefully  solved,  unless  such  coefficients  are  ex- 
cluded, and  the  result  is  obtained  by  means  of  quantities  on 
which  the  errors  of  observation  have  no  more  influence  than 
they  ought  to  have. 

There  are  however  some  solutions  of  this  problem  to  which 
the  preceding  observations  must  not  be  applied.  Of  this  kind  is 
the  method  of  M.  Boscovich  ; that  of  the  celebrated  Laplace  ;* 
and  those  which  Legendre  has  more  lately  published I'f  all 
of  which  have  been  found  useful  in  practical  astronomy.  The 
method  of  Boscovich  owes  its  utility  as  an  approximation  to 
the  circumstance  of  introducing  the  velocity  in  the  orbit  as  a 
principal  condition:  for  that  velocity  depending  upon  the  pro- 
portion of  the  distances  of  the  earth  and  the  comet  from  the 
sun,  limits  the  other  conditions,  and  places  the  orbit  in  its  pro- 
per situation.  The  same  thing  may  be  said  of  the  methods  of 
Laplace  and  Legendre  : and,  in  general,  we  may  affirm  that 
no  solution  of  this  problem  can  be  free  from  the  imperfections 
we  have  pointed  out,  in  which  the  velocity  in  the  orbit,  or 
some  equivalent  property,  does  not  enter  as  a principal  con- 
.dition. 

In  order  to  place  what  has  been  said  in  a clearer  light,  it  is 
to  be  observed  that  three  complete  observations  of  a celestial 
body  are  sufficient  for  determining  the  species,  the  magnitude, 
and  the  position  of  the  curve  in  which  it  moves  round  the  sun. 
On  this  account  there  is  a superfluity  of  conditions  when  we 

* Mec.  Celeste,  Tom.  i.  Liv.  2,  chap.  4. 

f Nouvelles  Methodes  pour  la  Determination  des  Orbites  des  Cometes,  i8c6. 
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suppose  the  orbit  to  be  a parabola : because,  in  this  case,  the 
velocity  in  the  orbit  furnishes  an  equation  without  introducing 
any  new  unknown  quantity.  Thus  it  happens,  that  in  the 
problem  of  the  comets  there  is  one  equation  more  than  there 
are  quantities  sought:  and  by  combining  those  equations  in 
different  ways,  various  solutions  of  the  problem  may  be  ob- 
tained. But  it  ought  likewise  to  be  observed,  that  if  w’e  set 
aside  the  equation  derived  from  the  nature  of  the  orbit,  the 
remaining  ones,  in  the  actual  state  of  the  data,  will  nearly 
coincide  with  what  would  result  from  the  hypothesis  of  a 
uniform  motion  in  a straight  line:  and  although,  theoreti-  _ 
cally  speaking,  we  can  solve  the  problem  by  means  of  those 
equations,  yet  we  shall  thus  infallibly  introduce  coefficients 
that  are  small  and  ill  defined,  and  unfit  for  any  practical 
purpose.  It  is  therefore  necessary  to  include  the  velocity  in 
the  orbit,  or  some  equivalent  property,  if  we  wish  to  obtain  a 
solution  useful  in  practical  astronomy:  and  even  when  this 
mode  of  solution  is  adopted,  it  is  still  necessary  to  examine 
with  care  the  quantities  introduced  by  combining  the  other 
conditions,  in  order  to  exclude  the  faulty  coefficients  we  have 
been  speaking  of. 

It  is  of  the  greater  consequence  to  discuss  the  peculiarities 
of  this  problem,  because  the  observations  of  comets  are  sus- 
ceptible of  little  accuracy  even  with  the  best  instruments  and 
the  greatest  care,  on  account  of  the  haze,  or  coma,  with  which 
those  bodies  are  generally  surrounded.  Every  solution  of  a 
physical  problem  wffiich  is  deduced  from  quantities  that  are  of 
the  same  order  as  the  unavoidable  errors  in  the  data  furnished 
by  observation,  can  plainly  be  of  no  practical  utility  ; and  it  is 
in  this  predicament  that  those  coefficients  stand,  which  would 


I 


a first  Approximation  to  the  Orbit  of  a Comet.  131 

vanish  exactly  on  the  supposition  that  the  earth  and  a comet 
moved,  for  a short  time,  with  uniform  velocities  in  straight 
lines. 

On,  the  whole  it  appears  from  what  has  been  said,  that  the 
same  circumstance  to  which  is  owing  the  failure  of  Sir  Isaac 
Newton's  first  method  of  finding  a comet's  trajectory,  has 
produced  like  effects  in  many  of  the  later  solutions  of  this 
problem.  This  is  indeed  no  more  than  what  was  to  be  ex- 
pected : and  it  must  excite  surprise  that  more  attention  was 
not  paid  to  the  peculiarities  of  this  investigation,  after  Bosco- 
vich  had  fully  developed  the  solution  of  Newton,  and  shown 
the  cause  of  its  want  of  success. 

The  English  astronomer  will  find  the  methods  of  Boscovich 
and  Laplace,  properly  illustrated  by  examples  of  all  the 
computations,  in  a work  published  in  1793,  by  Sir  Henry 
Englefield  : in  which  the  author  has  judiciously  selected  all 
that  is  practically  useful  from  the  numerous  writings  on  this 
subject  at  that  time  before  the  public. 

The  method  of  Laplace  would  be  rigorous,  were  it  possible 
to  find  exactly  the  numerical  quantities  that  enter  into  his  for- 
mulas. These  are  the  first  and  second  differential  coefficients 
of  the  longitude  and  latitude  considered  as  functions  of  the 
time;  the  values  of  which  we  can  do  nothing  more  than  deter- 
mine nearly  by  interpolating  the  observed  places  of  a comet. 
With  three  observations  only,  the  quantities  thus  found  can- 
not be  expected  to  have  much  accuracy,  more  especially  if 
the  motion  in  longitude,  or  latitude,  be  quick  and  irregular,  as 
often  happens:  and  when  a greater  number  of  observations  is 
employed,  there  arises  a new  cause  of  inaccuracy  in  the  arith- 
metical operations  necessary  for  interpolating,  which  augment 
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the  errors  of  observation,  always  considerable  of  themselves 
in  the  case  of  the  comets.  These  remarks,  which  are  cer- 
tainly just,  are  made  by  Legendre  in  his  memoir  on  this  pro- 
blem, published  in  1806.  That  geometer  therefore  thinks  it 
preferable  to  deduce  the  orbit  immediately  from  the  observed 
places  of  a comet:  and  we  agree  with  his  opinion,  that  the 
observations  will  be  better  represented  this  way,  than  by  em- 
ploying the  method  of  Laplace.  With  regard  to  the  solutions 
of  the  problem  which  Legendre  himself  has  given,  it  will  be 
admitted  that  they  approximate  sufficiently  near  to  the  ele- 
ments of  the  orbit,  to  answer  all  the  purposes  of  practical  as- 
tronomy ; but  his  formulas  are  complicated  ; and  the  number 
of  equations  which  it  is  necessary  to  form  and  to  solve,  seems 
to  render  his  methods  ill  adapted  for  general  use.  It  is  the 
object  of  this  paper  to  give  a new  solution  of  this  problem, 
which,  while  it  does  not  yield  to  any  of  the  known  methods 
in  accuracy  of  result,  I judge,  will  be  found  as  commodious  in 
practice  as  the  nature  of  such  a calculation  can  well  admit. 

1.  Let  the  coordinates  that  determine  the  position  of  a 
comet  with  regard  to  the  ecliptic,  and  a straight  line  drawn 
through  the  first  point  of  Aries,  (which  point  is  supposed  to 
be  immoveable)  be  represented  by  xy  y,  z;  of  which  the  last 
is  perpendicular  to  the  plane  of  the  ecliptic,  and  the  other  two 
have  their  origin  in  the  sun's  centre : and  likewise  let  the 
comet's  distance  from  the  sun,  or  the  radius  vector  of  the  or- 
bit, be  represented  by  r.  Farther,  supposing  the  mean  dis- 
tance of  the  earth's  orbit  to  be  unit,  put  m for  the  length  of 
the  circular  arc  of  the  mean  motion  described  in  a second  of 

time;  then  the  versed-sine  of  that  arc,  will  be  the  space 
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through  which  the  earth  descends  towards  the  sun  in  a second 
of  time;  and  mz  is  the  velocity  produced  by  the  solar  force  ; 
therefore  the  direct  velocity  towards  the  sun  produced  by  the 

same  force  acting  on  the  comet  at  the  distance  r,  is  ~ ; and, 
this  being  decomposed  into  the  equivalent  velocities  parallel 
to  the  coordinates,  these  velocities  will  be  — , re- 

spectively, which  are  the  actual  diminutions  of  the  velocities 
with  which  the  coordinates  increase ; but  if  dr  represent  the 
fluxion  of  the  time,  the  diminutions  of  the  velocities  with  which 

the  coordinates  increase,  will  be  represented  by  — 

— therefore  we  shall  have  these  equations,  viz. 


m*x  ddx  m m*y  ddy  _ m*z  ddz 

~~r*  dF9  ~ 1?’  V 


Now  if  we  put  r to  denote  the  mean  motion  of  the  earth, 
proportional  to  the  time,  and  estimated  by  the  arc  of  the  circle 
whose  radius  is  the  mean  distance,  or  unit;  then  dr2  will  de- 
note the  same  thing  that  is  signified  by  m2dr2  in  the  foregoing 
equations,  which  will  thus  become, 


ddx  . 

~d 7 "> 

ddy 

d7 


+ A _ 

• r* 


ddx  . z 

"■  r* 


0 

0 

0 . 


0) 


Multiply  these  equations  by  2 dx,  zdy,  zdz,  respectively;  then, 
because  2 xdx  -f  2 ydy  + 2 zdz  = 2 rdr,  we  shall  get  by  adding 
them 

2dxddx-\-2dyddy  + 2dzddz  , 2 dr 


and,  by  integrating, 

dx*  -f  dy1  -f  dz* 
It* 


— = const 

r 


*34 


Mr.  Ivory  on  a new  Method  of  deducing 


To  determine  the  constant  quantity  in  this  equation,  it  is  to 
be  observed  that  the  first  term  is  the  square  of  the  velocity  in 
the  orbit:  if  then  we  suppose  the  orbit  to  be  an  ellipse  of 
which/  is  the  mean  distance ; f.  e the  eccentricity ; and  u and  u' 
the  velocities  at  the  perihelion  and  aphelion  distances ; the 
foregoing  equation  will  become  at  those  two  points  of  the 
orbit, 


v — 


/(*—) 


= const. 


i /* — 77-—,  = const. 

J (i+O 

and  if  we  multiply  these  by  (1  — e)2  and  (1  + e)*  respectively, 
and  then  subtract  them,  we  shall  get 

V2  ( 1 — S y — u'2 . ( 1 + £ )2  + j = — 46  X const. 

but  v.f(  1—0  — t/./(i  + t ) = 0 ; for  these  quantities  are 
respectively  the  doubles  of  the  sectors  described  at  the  peri- 


helion and  aphelion  in  the  time  denoted  by  unit : hence  - 
= const. : the  foregoing  equation  will  therefore  become, 

, x - — -4-  *7  — 0. 

dr7,  r 1 J 


1 

7 


dx1-{-dy'x-t-dz'1 


Again  let  the  equations  (1),  multiplied  by  x,y,  z respectively, 
be  added  to  the  last  equation ; then  observing  that  xddx  + 

yddy  + zddz  + dx1  + dy2  -J-  d% 2 = ^~~3  we  shall  get 


x 

2 


dd 


dr 


. r*  1 . 1 

^ r * f 


0. 


o dr 

Let  r°  denote  the  value  of  r,  and  2 p that  of  at  the  epoch 


from  which  the  time  is  reckoned ; and  further  let  the  value 
of  r2  be  assumed  in  a series  with  indeterminate  coefficients,  as 
follows,  viz. 


r*  — r°2  -f~  vpr  -j-  At2  -j-  Bt3  &c.  : 
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then  — = — _ £l  &c. ; and  if  these  values  be  substituted  in 

f J-0  yO*  ~ 

the  foregoing  equation  the  coefficients  A,  B,  &c.  will  be  readily 
determined ; which  being  done,  we  shall  get 


r*  = r*+*p  T + O-yJ.Jr-f.Si&c. 

It  is  next  necessary  to  integrate  the  equations  (1),  I begin 
with  seeking  an  incomplete  integral  of  this  form,  viz. 

J = 1 + Cra  + Dr3  &c. : 

and,  having  substituted  in  the  first  of  the  equations  ( 1 ),  s for  x ; 
and,  for  its  value  taken  from  the  preceding  series  for  r ; 
I get, 

by  means  of  which  equation,  the  coefficients  in  the  series  for 
5,  are  easily  found : then 

* = l~i  + T-r^&c-  (2)- 

I now  seek  another  incomplete  integral  of  this  form,  viz. 

<r  = T-f-E.T3-{-F.T*  &c. : 
and,  having  substituted  <r  for  x,  I get, 

whence  the  coefficients  of  the  series  for  <r  will  be  readily 
found ; then 

«r=r  — + (3). 

The  complete  integrals  of  the  equations  ( 1 ) can  now  be 
obtained,  and  they  are 

o a dx 

X = SX  + a 

y = + «■  % 

% = i*°  + <r  ~ : 
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Where  x°  and  which  denote  what  x and  ~ become  at  the 


dx 


dr 


dr 


epoch,  are  the  arbitrary  quantities  necessary  to  complete  the 
fluent:  and  the  same  things  are  to  be  understood  in  the  ex- 
pressions of  y and  z. 

2.  Of  three  observations  which  are  necessary  to  determine 
a comet's  orbit,  let  the  epoch,  or  the  instant  from  which  the 
time  is  reckoned,  be  made  to  fall  on  the  middle  one ; and  let 
— r denote  the  interval  between  the  first  and  second  obser- 
vations, which  precedes  the  epoch  ; and  + r',  the  interval 
between  the  second  and  third  observations,  which  follows  the 
epoch;  and  further  let  x,  y9  % and  r express  the  coordinates 
and  radius  vector  of  the  comet  at  the  first  observation ; y°> 

z°,  and  r°,  the  same  quantities  at  the  second  observation;  and 
x ',y,  z ',  and  r',  those  at  the  third : finally,  let  the  values  of 
the  series  denoted  by  s and  <r  ( Equat.  2 and  3)  be  taken  for 
the  intervals  — r and  -f  t' ; that  is,  let 


5=1 


x ll  _ tL 

3 * rot  zroi 

4r°s 

,_z  £ + 

0 — 1 2 * r°J  * 2 


T3 

= — T + 67^  + 


+ . 
” 4roS  * 


then,  on  account  of  the  equations  (4),  we  shall  get, 

O dx° 


= sx 

k 

b 

1 

O 

dy° 

— sy 

* 

© 

dz° 

= 5% 

-r-df 

= = 5'a:0  — tr 


dx° 

d*i 
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/ = + T'  fr 

* = M + * d£ 

and  if  these  equations  be  combined  two  and  two  so  as  to  ex- 
terminate we  shall  get 

A X — j—  0~Xr  ( As  -j—  ( TS ' ) X 

<r'y  + <ry‘  = (<*  + *s'  )y°  (5 ) 

Az  + <T%f  = ( As  -f-  0-5')  z° : 

Finally  let  A'  be  written  for  (As  + <rs') ; then,  by  substituting 
the  series  that  <r,  A,  s , s'  stand  for,  we  shall  get 

(t  + t')3  p (t — t')  (t-|-t)3 


= (t  + t') 


&c.  (6). 


6 roi  r°s 

3.  Employing  the  same  marks  as  in  the  case  of  the  coor- 
dinates, to  distinguish  the  known  quantities  of  each  observation, 
I shall  write, 

% 

c , c°,  c' ; for  the  three  geocentric  longitudes  of  a comet : 

X,  x°,  x';  for  the  three  geocentric  latitudes  : 
p,  p°,  j o';  for  the  comet's  distances  from  the  earth: 
e}  e°,  for  the  earth's  longitudes  : 

R,  R°,  R';  for  the  earth's  distances  from  the  sun: 
by  means  of  which  quantities,  the  coordinates  of  the  comet  at 
the  first  observation  will  be  thus  expressed,  viz. 

x — R cos.  e + p cos.  x cos.  c 
y — R sin.  e -A  p cos.  x sin.  c 
z = p sin.  x : 

and  in  like  manner  the  expressions  of  the  coordinates  at  the 
second  and  third  observations  will  be  formed  by  placing  the 
characteristic  marks  on  the  several  letters.  By  substituting 
the  values  thus  obtained  in  the  equations  (5),  we  shall  get 
these  other  equations,  viz. 


MDCCCXI V. 


T 
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o-'o  COS.  A COS.  C + <rp'  COS.  A'  COS.  c'  — <r"p°  cos.  a0  cos.  c°  = 

— <r'R  cos.  e — o-R'  co 3.  e'  4-  <r"R°  cos.  e° 

a"p  cos.  a sin.  c -}-  <r/  cos.  A/  sin  e'  -{-  <r"p  cos.  A3 sin.  c°  = (7) 

— a'R  sin.  — <rR'  sin.  <?'  + ^'R0  sin. 

<r'p  sin.  A + ap  sin.  a'  — <r'p°  sin.  A°  = 0. 

These  equations  are  universally  true  of  all  orbits;  and,  in 
order  to  solve  the  general  problem  of  finding  a planet's  orbit, 
they  require  only  to  be  properly  discussed  with  the  view  of 
obtaining  the  values  of  p,  p°,  p'  by  means  of  formulas  sufficiently 
exact  and  commodious  in  practice:  but,  at  present,  I confine 
my  attention  to  the  case  of  the  comets  moving  in  parabolic 
orbits. 

4.  We  may  apply  the  equations  (5),  which  are  general  for 
all  orbits,  to  the  orbit  of  the  earth : let  pc,  pc',  pc"  represent 
what  (r,  <r',  a- " become  in  the  case  of  that  orbit ; that  is  ( neg- 
lecting quantities  of  the  fourth  and  higher  orders),  let  (E^uat. 

3>  6) 

P = T “ 6^« 


& 


/ 

T 


iL 

6R”i 


V-"—  (t  + t')  — 


(r  + i/)3  . 
6R°* 


then,  Equat.  (5), 

pt'R  cos.  e + pJT  cos.  e'  — |x"R°  cos.  e°  = 0 
pc'R  sin.  e -f-  [J.R  sin.  e ' — pc"R°  sin.  e°  = 0. 

On  account  of  these  formulas,  we  have 
<r'R  cos.  e -|-  a-R'  cos.  e'  — <7"R°  cos  e°  — 

W — p/)  R cos.  e + (<r — pc)  R cos.  e’  — (<r"  — pc")  R°  cos.  e*: 
and,  by  substituting  the  series  that  <r,  <r\  <r";  pc  pc,',  pc",  stand 
for,  in  the  right  hand  side  of  this  equation,  and  neglecting 
quantities  of  the  fourth  and  higher  orders,  we  shad  get 
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cr'R  cos.  e -f  o-R'  cos.  e'  — o-"R°  cos.  e°  == 

T-  (^i  — Ro3 ) • {—  r'3Rcos.e  — T3R'cos.e'+  (r+T')3R0COS.e°} 
or,  which  is  the  same  thing, 

<r'R  COS.  e + <rR'  cos.  e'— <r"R°  cos.  e°=  IlMll  -1  _^-().  R°  cos.e* 

— T ’ (t>  — gs)  • (R  cos>  e “ R’  cos‘  e°) 

— T • (p  — • (R'cos.«'-R0cos.<’°): 

but  (R  cos.  e — R°  cos.  e°)  and  (R'  cos.  e'  — R°  cos.  e°)  are 
quantities  of  the  first  order  ; consequently  the  two  terms  that 
contain  them,  will  be  of  the  fourth  order,  and  may  therefore 
be  rejected  : thus  we  get 

<r'R  cos.  e 4-  o-R'  cos.  e'  — o-"R°  cos.  e°  = . f — — fi)  • 

i 2 \ r°*  R°* ) 

R°  cos.  e°. 

And,  in  the  very  same  manner  it  may  be  shewn  that 

o-'R  sin.  e -f-  <rR'  sin.  e'  — o-"R°  sin.  e°  =a  ^ . 

R°  sin.  e°. 

Let  the  values  just  obtained  be  substituted  in  the  two  first 
of  the  equations  (7),  and  they  will  become 
r'p  cos.  A cos.  c -f-  07/  cos.  a'  cos.  c'  — <r"p°  cos.  x°  cos.  r°  = 

_ (J_  _ J_)  _ Ro  CQS_  go 

c Jp  cos.  x sin.  c + <rpf  cos.  a'  sin.  c'  — <r"p°  cos.  x°  sin.  c°  = 

- • (£  - &)  . R°  sin. 

Further  let  n denote  an  angle,  to  be  afterwards  determined; 
then,  by  combining  the  two  last  equations  we  shall  readily 
obtain, 

<r'p  cos.  X cos.  (c  — n)  -f-  c rp'  cos.  a'  cos.  (c'  —/z)  — <r"p°  cos.  A° 
X cos.  (c“-  n)  = - IlII±l2  . (±  _ gL)  . R»  cos. 

T 2 


\ 


r 


t 
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o-'p  cos.  x sin.  (c  — n)  -|-  <rp'  cos.  x7  sin.  (£7-- 


Tt'Ct-4-t) 

2 


• n)  — crV  cos.  x° 
. R°  sin.  (e°—  n). 


Conceive  a great  circle  to  be  drawn  on  the  surface  of  the 
sphere  through  the  geocentric  places  of  the  comet  at  the  two 
extreme  observations;  and  let  n>  in  the  foregoing  equations, 
denote  the  longitude  of  one  of  the  intersections  of  that  great 
circle  with  the  ecliptic:  also  let  h and  h'  denote  the  arcs  of  the 
great  circle  intercepted  between  the  same  intersection  and  the 
places  of  the  comet  abovementioned ; then  these  arcs  will  be 
the  hypothenuses  of  two  right-angled  triangles  of  which  the 
sides,  perpendicular  to  the  ecliptic,  are  the  arcs  x and  x7;  and 
the  other  sides,  in  the  ecliptic,  are  the  arcs  (r  — ?i)  and  (r—  n) : 
further,  let  i denote  the  inclination  of  the  same  great  circle  to 
the  ecliptic;  then  will  i be  an  angle  common  to  the  two  right- 
angled  triangles  abovementioned,  opposite  to  the  sides  x and 
X7;  and,  by  the  properties  demonstrated  in  spherical  trigono- 
metry, we  shall  get  these  formulas,  viz. 


cos.  x cos.  (c  — n ) = cos.  h 
cos.  x'  cos.  (d  — n ) = cos.  h 7 
cos.  x sin.  ( c — n ) — cos.  i sin.  h 
cos.  x7  sin.  (r'  — n ) = cos.  i sin.  h 7 
sin.  x = sin.  i sin.  h 
sin.  x7  ==  sin.  i sin.  h' . 


Now  let  these  values  be  substituted  in  the  two  foregoing 
equations,  and  likewise  in  the  last  of  the  equations  (7),  and 
we  shall  get, 

6-7p  cos.  h -f-  cp  cos.  h 7 — (Tnp°  cos.  x°  cos.  [c°  — n)  ~ 


(r-f  t') 


• (^3  - k^t)  • R°cos.  (e°— 11) 


2 


(8) 
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c’p  cos.  i sin./z-j-  <rp'  cos.  i sin .h' — (r"p°  cos.  x°  sin.  (e°—n)  = 

(8) 

a'p  sin.  i sin.  h <rp'  sin.  i sin.  h'  — c-"p°  sin.  x°  = 0: 

and  finally  if  vve  subtract  the  two  last  of  these  equations  after 

having  divided  them  by  cos.  i and  sin.  z,  we  shall  get 

^ o f cos.x°sin.(c° — n) 

cr  p ) : • 

r L cos.  1 


sin?.*)  (t  + r)  tt'  I 1 

sin.  i £ 2 


l°3/  COS.  I 


5.  In  the  last  equation,  all  the  terms  being  of  the  third 
order,  we  may  consider  <r"  as  equal  to  (r  + r') : therefore,  by 
division,  we  shall  get 

O cos.  a*  I . / o > tan.  A*  ) tt'  / 1 I \ DO. 

f X sin.  (<;•  — «)  • iSin*  (6  “ — tan.  i i — 2 * \r°3  R-3 ' ' ^ ’ 

or.  by  introducing  a new  letter,  we  shall  have  these  two  for- 
mulas, equivalent  to  the  last  one,  viz. 

~ cos.  A*  $ • / o \ tan.  ?°  1 

sin.  (e  — «)  t >■  J tan.  1 3 . . 

If  we  suppose  all  the  three  geocentric  places  of  the  comet 
to  be  situated  in  the  same  great  circle  of  the  heavens ; then 
sin.  ( 6° — n ) . tan.  i = tan.  x°:  in  this  case  therefore  £ ==  o, 

which  requires  that  — — = o,  and  r°  = R°.  Thus  we 


learn  that  a comet  and  the  earth  are  equally  distant  from  the 
sun,  when  the  comet’s  apparent  motion  continues  for  a short 
time  to  be  performed  in  one  great  circle  of  the  heavens.  Again 

if  £ be  positive,  then  — ~-3  j will  be  positive  too,  and  r°  will 

be  less  than  R°:  but  if  T be  negative,  then  [~  — will  like- 

wise  be  negative,  and  r°  will  be  greater  than  R°.  But  there  are 
two  cases  when  f v\  ill  be  indeterminate,  and  the  preceding  rules 


I 
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will  fail.  This  will  happen  when  the  comet  moves  exactly  in 
the  plane  of  the  ecliptic,  in  which  case  -f ' - is  indeterminate. 


The  same  thing  will  likewise  happen  when  the  great  circle 
which  passes  through  the  two  extreme  places  of  the  comet 
cuts  the  ecliptic  in  the  points  occupied  by  the  earth  and  the 
sun  at  the  middle  observation  : for  in  this  case,  sin.  (e°  — n ) 
= 0 ; now  since  £ cannot  become  infinitely  great,  it  is  necessary 

that  [sin.  (c° — n ) — 7^77}  vanish  together  with  sin.  (e°  — ;z), 


which  will  make  £ indeterminate. 

The  formula  for  f,  which  by  its  sign  alone  enables  us  to 
judge  of  the  magnitude  of  r°,  contains  the  angles  n and  i:  and 
it  is  necessary  to  investigate  rules  for  computing  those  quan- 
tities. By  attending  to  what  n and  i were  made  to  signify  it 
will  readily  appear  that 


let  / = 


tan.  x' 

_ • 

tan.  x ’ 


tan.  i 
then 


tan.  x 


tan.  x' 


sin.  (c—n)  sin.  (c  — n)  ’ 


but 


/sin.  ( c — n ) = sin.  ( c'  — n ) : 


• / \ • [ C -4-  € \ C — I C 4-  C \ • Q1 

sin.  (r— n)  = sin.  n)  cos.  — cos.  l-~- 11)  sm.~ 


c — c 


c'  + c 


• t r v • !c'-]rC  \ c.  — o . / v -t- u , . 

sin.  (c  —n)=z  sin.  n)  cos.  — — [-  cos.  I — n)  sm. 

therefore  by  substitution  and  division  we  shall  get 
tan.  f — n ) . tan.  c-^-: 

and,  if/  = ~ = tan.  (450  ± <p) ; then 
tan.  (L±f  _„)  =± 


—e 

2 

c—c 
2 9 


tan. 


nzf  = ± tan-  c~r cot-  ?• 


T.0  the  value  of  tan.  — n),  found  by  this  rule,  there 
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will  correspond  two  arcs,  differing  from  one  another  by  180°, 
which  will  determine  both  the  points  of  intersection  of  the 
great  circle  and  the  ecliptic;  but  it  will  be  sufficient  to  take 
that  one  which  immediately  precedes  the  comet  in  longitude. 

The  arc  n being  thus  found,  we  have  these  formulas  for 
finding  i,  viz. 


tan.  i =a 


tan.  x 
sin  (c — n) 


tan.  xy 

, • 

si.i.(c  — n)  ’ 


and  the  double  value  will  serve  to  prove  the  accuracy  of  the 
calculation. 

But  we  may  determine  whether  r°  is  greater  or  less  than 
R°,  without  any  calculation.  Let  h°  denote  the  arc  of  a great 
circle  drawn  from  the  intersection  whose  longitude  is  n,  to  the 
geocentric  place  of  the  comet  at  the  middle  observation:  then 
h°  will  be  the  hypothenuse  of  a right-angled  triangle,  having 
the  arc  (r°  — n ) of  the  ecliptic  for  one  side,  and  x°,  perpendi- 
cular to  the  ecliptic,  for  the  other  side : and  if  we  put  i°  to 
denote  the  angle  of  the  triangle  opposite  to  x°,  we  shall  have 
cos.  x°  sin.  (r° — n ) = cos.  i°  sin.  If 
sin.  x°  = sin.  i°  sin.  h°. 

Substitute  these  values  in  the  equation  (9),  and  we  shall  get, 
by  division, 


0 sin.  (/— . i9)  . sin  b°  tt'  / i i \ -pD 

f * sin.  i sin.  (<° — ri)  ~~  2 ‘(r0*  R°5/ 


Conceive  two  arcs  to  be  drawn  perpendicular  to  the  great 
circle  which  passes  through  the  geocentric  places  of  the  comet 
at  the  two  extreme  observations  ; one,  denoted  by  7r,  drawn 
from  the  extremity  of  k°9  that  is,  from  the  geocentric  place  of 
the  comet  at  the  middle  observation  ; and  the  other  denoted 
by  FI,  drawn  from  the  place  in  the  ecliptic  occupied  by  the 
earth  at  the  same  time:  then,  observing  that  tt  will  be  one 
side  of  a right-angled  spherical  triangle,  of  which  h°  is  the 
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hypothenuse,  and  (i  — i°)  the  angle  opposite  to  tt;  it  is  plain 
that  we  shall  have 

sin.  7 r = sin.  (i—  i° ) sin.  /z° 
sin.  n = sin.  i sin.  [e° — n). 

Therefore,  by  substitution,  the  last  equation  will  become 

o sin.  7T  TT  12 ]_\  TDO 

^ * bin.  n ' 2 \r°3  R°3J 

This  equation  is  equivalent  to  the  second  of  the  equations 
(io):  and  we  infer  from  it  that  r°  will  be  less,  or  greater,  than 

R°,  according  as  is  positive  or  negative ; that  is,  accord- 
ing as  the  arcs  7 r and  n are  on  the  same  side,  or  on  different 
sides,  of  the  great  circle  to  which  they  are  both  perpendicular. 
Hence  if  we  mark,  on  the  surface  of  a celestial  globe,  three 
geocentric  places  of  a comet,  and  likewise  the  places  in  the 
ecliptic  occupied  by  the  earth  at  the  middle  observation  ; then 
the  comet's  distance  from  the  sun  will  be  greater  than  the 
earth's  distance,  when  the  great  circle  drawn  through  the  two 
extreme  places  of  the  comet  passes  between  the  earth’s  place, 
and  the  remaining  place  of  the  comet ; but  when  these  two 
places  are  both  on  the  same  side  of  the  great  circle,  the  comet's 
distance  from  the  sun  will  be  less  than  the  earth's  distance. 
When  all  the  three  places  of  the  comet  are  in  one  great  circle 

of  the  heavens,  then  tt  = 0,  and  = 0 : and  in  this  case, 

the  comet  and  the  earth  will  be  equally  distant  from  the  sun. 
From  these  rules  we  must  however  except  the  cases  in  which 

sin.  n = 0 : for,  since  cannot  become  infinite,  it  is  neces- 

sary  that  the  numerator  vanish  together  with  the  denominator, 

so  that  will  become  indeterminate.  This  will  happen,  as 
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before  observed,  when  the  comet's  orbit  coincides  with  the 
ecliptic,  in  which  case  sin.  z = 0;  and  likewise  when  the  great 
circle  drawn  through  the  two  extreme  geocentric  places  of  the 
comet  cuts  the  ecliptic  in  the  places  of  the  earth  and  the  sun 
at  the  middle  observation,  in  which  case  sin.  (*°  — n)  = 0. 

The  inferences  here  drawn  from  the  preceding  analysis 
coincide  with  the  rules  first  given  by  M.  Lambert,  of  Berlin, 
for  judging  of  a comet’s  distance  from  the  sun  by  the  inflection 
of  its  apparent  path. 

6.  The  second  of  the  equations  (10)  contains  only  one  un- 
known quantity,  namely  p° : and  hence  it  may  be  thought  that 
we  have  already,  by  means  of  that  equation,  obtained  a solu- 
tion of  the  problem,  which  is  both  simple  and  elegant.  And 
this  would  undoubtedly  be  the  case,  were  it  not  that  the  co- 
efficient £*  is  always  extremely  small  and  greatly  affected  with 
the  errors  of  observation.  It  depends  entirely  on  the  deviation 
of  the  comet’s  apparent  path  from  a great  circle  of  the  heavens; 
and  this  deviation  is  often  so  little,  that  small  changes  in  the 
observed  places  of  the  comet,  by  no  means  inconsistent  with 
the  errors  of  observation,  will  make  £ evanescent,  or  even 
take  a different  sign  from  what  it  had  before.  If  we  suppose 
the  motions  both  of  the  earth  and  the  comet  to  be  rectilineal 
and  uniform,  which  is  never  far  from  the  truth  in  the  short 
intervals  that  must  intervene  between  the  observations  selected 
for  finding  a comet’s  orbit;  then  the  apparent  motion  of  the 
comet  would  be  accurately  in  a great  circle  of  the  heavens, 
and  the  mode  of  solution  here  alluded  to  could  not  be  applied 
at  all. 

The  equation  here  spoken  of  may  no  doubt  be  usefully  ap- 
plied in  favourable  circumstances,  particularly  when  the  comet 

mdcccxiv.  U 
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is  at  a considerable  distance  from  the  sun,  and  has  a slow  mo- 
tion, allowing  an  interval  of  20,  or  even  a greater  number  of 
days,  between  the  extreme  observations ; in  which  time  the 
apparent  deviation  from  a great  circle  of  the  heavens  will  be 
considerable  enough  to  define  the  magnitude  of  f with  tole- 
rable certainty.  But  in  many  circumstances  the  same  mode 
of  solution  cannot  be  applied  with  advantage  or  success:  as 
when  a comet  has  a quick  motion,  which  will  allow  only  a very 
short  interval  between  the  observations ; or  when  a comet 
and  the  earth  are  both  at  the  same  distance  from  the  sun,  or 
nearly  so,  in  which  case  £is  evanescent,  or  very  small. 

It  appears  then,  that,  generally  speaking,  the  problem  of 
the  comets  must,  in  reality,  be  considered  as  indeterminate,  if 
we  set  aside  the  condition  derived  from  the  nature  of  the  pa- 
rabola. In  this  respect  there  is  an  essential  distinction  between 
the  investigation  of  the  orbit  of  a planet  and  that  of  a comet ; 
a distinction  which,  when  due  regard  is  had  to  practical  utility, 
renders  it  necessary  to  separate  the  particular  case  from  the 
general  problem.  When  the  question  is  to  determine  a pla- 
net's orbit  by  means  of  three  observations  made  at  short  in- 
tervals ol  time,  without  any  assistance  from  the  supposition 
of  a circular  orbit,  or  other  hypothesis,  the  equations  which 
the  data  furnish  are  barely  sufficient  for  finding  three  radii 
vectores  of  the  orbit  and  the  two  angles  contained  between 
them  ; and  there  are  no  supernumerary  conditions  to  compen- 
sate what  may  be  imperfect  in  the  observations.  In  whatever 
manner  we  proceed,  the  solution  will  lead  to  an  equation,  such 
as  that  we  have  been  speaking  of ; and  the  success  of  the  inves- 
tigation will  therefore  depend  upon  our  being  able  to  ascertain 
with  some  degree  of  certainty  the  magnitude  of  the  coefficients 


147 


a first  Approximation  to  the  Orbit  of  a Comet . 

which  that  equation  contains.  If  there  were  the  same  uncer- 
tainty in  this  case  that  both  theory  and  experience  agree  in 
shewing  there  is  in  the  case  of  the  comets,  the  problem,  as 
applied  to  the  planets,  would  be  a mere  theoretical  speculation 
without  any  practical  utility.  It  may  therefore  be  asked,  what 
are  the  precise  circumstances  which  make  the  investigation 
successful  in  the  one  case,  while  in  the  other  we  must  seek 
aid  from  the  nature  of  the  orbit  in  order  to  obtain  a useful 
result  ? In  the  first  place,  the  observations  of  the  planets  are 
susceptible  of  a much  greater  degree  of  accuracy  than  those 
of  the  comets ; which  confines  the  uncertainty  arising  from 
the  errors  of  observation  within  much  narrower  limits  in  the 
one  case  than  in  the  other.  In  the  second  place,  the  distance 
of  a planet  from  the  sun  is  never  equal,  or  very  nearly  equal, 
to  the  earth's  distance  from  the  same  body  ; and  this  occasions 
a greater  curvature  of  the  apparent  path  than  often  takes  place 
with  regard  to  the  comets.  We  may  likewise  add  that  the 
motion  of  a planet,  in  an  orbit  of  moderate  eccentricity,  is 
slower  than  the  motion  of  a comet  at  a like  distance  from  the 
sun;  which  allows  a longer  interval  between  the  observations 
of  a planet,  and  thereby  contributes  to  heighten  the  effect 
arising  from  the  inflection  of  the  apparent  path.  It  is  to  these 
causes,  as  well  as  to  the  excellence  of  his  methods  of  investi- 
gation, that  we  must  ascribe  the  great  exactness  with  which 
the  orbits  of  the  new  planets  discovered  in  the  course  of  the 
present  century,  have  been  determined  by  M.  Gauss,  in  a work 
of  great  merit,  on  the  Theory  of  the  Motion  of  the  Celestial  Bodies , 
published  in  1809,  which  cannot  but  add  much  to  his  reputa- 
tion, already  very  high  on  account  of  former  scientific  disco- 
id 2 


veries. 
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7.  If  we  put 

S = r-71— -s  • Is5”-  (*°-«)  — 7^}  ; 

tan.(V°— -n)  C ' / tan.;  3 


then  the  equation  (9)  will  become  by  substitution 

<r"  cos.  . 2 . f = --(-a—  . (p  — j^j)  . R°  cos.  (e° — n ) : 

and  this  value  being  substituted  in  the  first  of  the  equations 
(8),  we  shall  get 

c-'p  cos.  h -f-  <rp'  cos.  h ' = <r"p°  cos.  X° . jcos.  (c°—n)  — fj. 

But,  by  putting  cos.  x°  tan*  x°  for  sin.  x°,  and  then  dividing  by 
sin.  i,  the  third  of  the  same  set  of  equations  will  become 


<r'p  sin.  h 4-  <rp'  sin.  li'  = o-"p°  . cos.  x°  . 

r ' r r sin.  1 

Now  if  we  make 

i tan.  *° 


tan.  o)  = 


sin.  i cos.  (c® — n ) — S 


then,  by  subtracting  the  two  equations  just  found,  after  having 
multiplied  them  by  sin.  u and  cos.  w respectively;  we  shall  get 
<r'p  sin.  (w  — h ) — <rp'  sin.  (/*'—  co)  = 0 

whence 


; sin.  (u—b)  a 

f P X sin  (b  - «)  * T* 


The  value  of  “,  obtained  by  substituting  the  series  that  v* 
and  <r  stand  for,  will  be  as  follows,  viz. 


cr'  T j"  T* — r'a 

T T * 1 1 6/-03  3 * 


In  this  formula 


T — T 


6ru* 


is  evanescent  when  t = /;  and  in  all 


cases  it  is  a very  small  quantity;  because  the  intervals  of  time 
between  the  observations  made  use  of  for  finding  a comet's 
orbit,  should  in  no  instance  be  extremely  unequal.  If  then 

t / 

we  suppose  =.  — , we  shall  get  these  two  formulas,  viz. 
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sin.  (w— h)  t 

^ smTj^*)  • T f 1 1 \ # 

P#  = |3.p;  ^ 

which  are  very  exact,  when  the  intervals  between  the  obser- 
vations are  not  too  great. 

The  angle  u w'hich  enters  into  the  preceding  formulas,  de- 
pends partly  upon  the  value  of  the  quantity  £ ; and  it  thus 
becomes  impossible  to  assign  the  value  of  that  angle  when  $ 
cannot  be  determined.  If  we  compare  8 with  the  qua  itity 

formerly  denoted  by  £ (No.  5),  w'e  shall  get  £ = £ x 
hence  it  appears  that  $ will  be  indeterminate  when  £is  so;  and 
in  such  cases  therefore  the  last  formulas  will  fail.  Now  the 
cases  in  which  £ becomes  indeterminate  have  already  been 
noticed  (No.  5) ; they  differ  by  a real  distinction  from  the 
other  cases  of  the  problem,  and  require  a separate  discussion, 
if  we  wish  to  have  clear  and  precise  notions  on  the  subject  of 
this  research : we  shall  therefore  return  to  the  examination 
of  them  in  the  sequel. 

8.  On  account  of  the  formulas  (11),  the  coordinates  of  the 
comet  at  the  two  extreme  observations,  will  depend  only  upon 
one  unknown  quantity,  namely  p : and  if  we  substitute  the 
values  of  the  coordinates  in  the  following  expressions,  viz.  r 
= + y2  + ; r,z  = x,z  + y,z  + z'2 ; V = xx'  4-  yy'  + zz* ; 

there  will  result  these  other  expressions,  which  contain  no 
unknown  quantity  but  p,  viz. 

r2=  R2  + 2R  cos.  x cos.  ( e — c ) . p -f-  p2 

= R'2  ff-  'iR'jG  cos.  x'  cos.  (</ — c' ) . p + fl2  p2 
V = RR'  cos.  ( e ' — e)  -f-  j R/3  cos.  x ' cos  (c  — c')  -f-  R'  cos.  x 

X COS.  (t'*  — c)  | X p T (3  COS.  y . p 
cos.  y = cos.  X cos.  x'  cos.  (<:' — 1 ) -j-  sin.  x sin.  x'. 
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We  must  now  have  recourse  to  the  properties  of  the  orbit 
to  get  such  an  equation  between  the  functions,  r,  ;'2  and  V as 
shall  serve  to  determine  the  unknown  quantity  which  they 
contain.  For  this  purpose  we  may  employ  the  expression 
which  gives  the  time  of  describing  an  arc  of  a parabola,  by 
means  of  the  chord  of  that  arc  and  the  two  radii  vectores  drawn 
to  its  extremities.  This  elegant  property  of  the  motion  in  a 
parabola,  seems  to  have  been  first  found  out  by  Euler,  as 
M.  Gauss  informs  us ; but  it  is  commonly  attributed  to  M. 
Lambert  of  Berlin,  who  probably  discovered  it  without  know- 
ing what  Euler  had  done,  and  who  has  extended  it  to  all  the 
conic  sections.*  It  would  be  superfluous  to  give  here  the  in- 
vestigation of  a truth  so  well  known : it  will  be  sufficient  to 
refer  to  the  Mecanique  Celeste  of  Laplace,^  or  to  the  work  of 
M.  Gauss.  Let  h denote  the  chord  drawn  between  the  places 
of  the  comet  at  the  two  extreme  observations  : then  observing 
that  t + t'  is  the  arc  of  the  earth's  mean  motion  correspond- 
ing to  the  time  of  describing  the  parabolic  arc  of  which  b is 
the  chord ; we  shall  get 


* + *'=*•  {(r  + r'+f.)*-  (r  + r'-t)*}: 
and,  by  expanding  the  radicals. 


T + T^v/r-fr7. 


ji~  b*  1 b* 

48  * (r+r)*  256  * (r -f  r )+ 


and,  by  squaring  and  omitting  the  sixth  and  higher  powers 
of  6, 


4 (T  + t'Y  = (r  + 0 • & . { 1 


1 b * | 

12  * (r-frT  J • 


Let  a*  = 2r*  -J-  sr72  = ( r -{-  r*)*  -f  ( r — r1)2  = 


* Theor.  Mot.  Corp.  Coeles.  Lib.  I.  Sect.  3.  § 106. 
f Prem.  Part.  Lib.  II.  Chap.  4.  $ 27. 
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{r  + /y  + : then 


and  by  substituting  this  value  in  the  foregoing  expression  we 
get,  nearly, 

4 (T  + r'T  = ~ i • ) } ; 


consequently 


4 (r+r)z 
a 


which  is  exact  to  quantities  of  the  sixth  and  higher  orders. 

Now  b2  = (.r  — x'Y  + ( y — y')2  + (z— -')2  = «£"  +/  + 

— 2 + yy1  + zz* ) + xn  -f-  y'2  + z,z  = r -f-  r'2  — 2V : 

therefore  in  this  last  equation  all  the  quantities  concerned  de- 
pend upon  r2,  ?'2,  and  V,  which  themselves  contain  only  one 
unknown  quantity,  namely  p : thus  that  equation  will  serve  to 
determine  p,  or  the  comet's  distance  from  the  earth  at  the  time 
of  the  first  observation,  on  the  finding  of  which  the  solution 
of  the  problem  depends. 

9.  If  we  now  collect  in  one  view  all  the  formulas  that  have 
been  investigated,  we  shall  have  the  following  method  for 
computing  the  distance  of  a comet  from  the  earth. 

1st.  The  symbols  t and  r'  denoting  the  intervals  in  days  of 
mean  time,  between  the  middle  observation  and  the  first  and 
second  observations  respectively ; we  begin  with  computing 
the  arc  of  the  earth's  mean  motion  in  the  time  (t  -f-  r') ; this 
arc  we  shall  now  denote  by  0,  and  it  will  be  computed  by  this 

formula,  viz.  9 = Ssr  being  the  circumference  of  a 

circle  whose  radius  is  unit,  and  36.5.256 38  the  length  of  the 
sydereal  year ; so  tnat  the  logarithm  of  9 will  be  found  by 
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adding  the  constant  logarithm  8.2355814  to  the  logarithm  of 

r -f-  t 

We  must  next  compute  the  angles  n and  z,  by  the  formulas 
investigated  in  No.  5:  ?i  being  the  longitude  of  one  of  the 
points  in  which  a great  circle  drawn  through  the  two  extreme 
places  of  the  comet  cuts  the  ecliptic  ; namely,  the  longitude 
of  that  intersection  of  the  two  circles  which  immediately  pre- 
cedes the  comet  in  longitude : and  i being  the  inclination  of 
the  same  great  circle  to  the  ecliptic. 

We  must  further  make  these  computations,  viz. 
cos.  h — cos.  x cos.  (c  — n) 
cos.  h'  = cos.  x'  cos.  (c7  — n) 


tan. ( e ♦ — n) 

tan.  a = 


S’  r o > tan.  ) 

ism-  ic~n)  -srrl 


tan.  A° 


/3  = 


sin.  < cos.  (c° — n)  — £ 
sin.  ( u — h ) r 


sin.  ( b'—w ) * r 


cos.  y = cos.  x cos.  x'  cos.  (c7 — c ) + sin.  x sin.  x7. 
sdly.  We  must  reduce  into  numbers  the  following  formulas, 
leaving  p indeterminate,  viz. 

r2  = R2  -f*  2R  cos.  x cos.  (<?  — c)  . p + p2 
r1'  ==  R'2  -[-  2R'/3  cos.  x7  cos.  (e'  — c')  . p -f-  (3 2 . p* 

V = RR7  cos.  (e'~-  e)  + j R/3  cos.  x'  cos.  (e  -r ~c')  + R7  cos.  X 
cos.  (e'  — e)  | . p -j-  (3  cos.  y . p\ 

3dly.  We  must  determine  p by  means  of  these  formulas,  viz. 


b 2 = r + ^/2  — • 2V 


u2  = sr2  -f-  2?J% 


In  the  trials  necessary  for  approximating  to  the  value  of  p, 
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the  terms  of  the  final  equation,  which  are  of  the  fourth  order, 
being  always  inconsiderable ; they  may  be  omitted  at  first, 
and  then  only  taken  into  the  account  when  a near  value  of  p 
has  already  been  obtained. 

It  has  already  been  shown  that  $ = £ . whence  f 

$ 

= — • cos.  x°;  therefore,  since  cos.  x°  is  in  every  case 

positive,  the  quantity  will  have  the  same  sign  as 

and  thus,  from  what  is  proved  in  No.  5,  we  infer  that  the 
comet's  distance  from  the  sun  will  be  less  or  greater  than  the 

earth's  distance,  according  as  the  sign  of  c- ■■  is  positive 

or  negative;  and  the  two  distances  from  the  sun  will  be  equal 

when  — -rj — \ = 0.  These  observations  will  often  enable  us 

COS  • W y 


to  assign  such  first  values  of  p as  will  lead  to  a solution  with- 
out many  trials. 

The  preceding  method  will  always  give  one  solution.  To 
prove  this : let  B denote  the  chord  of  the  earth's  orbit  drawn 
between  the  places  of  the  planet  at  the  two  extreme  observa- 
tions ; and  further,  let 

R+R'+B 
cos.  u = 1 — 


cos.  uT  = 1 


R-j-R'— B 
2 


then  if  we  apply  to  the  earth's  orbit  the  formula  for  finding 
the  time  of  describing  an  arc  of  an  ellipse  by  means  of  the 
chord  of  that  arc,  and  the  two  radii  vectores  drawn  to  its  ex- 
tremities ;*  we  shall  get, 

9 = [u  — sin.  u)  — ( u'  — sin.  u '). 

Let  cos.  m = 1 — ; then  cos.  u = cos.  m — \ B ; and 


* Mec.  Celeste,  Prem.  Part.  Liv.  II.  § 27  forinule  a. 
MDCCCXIV.  X 
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cos.  id  = cos.  m ■f  i B:  we  may  therefore  suppose  in  series, 
u - sin.  u = M(o)  - M(,) . -2  + M(2) . 2-’  - M(3) . A'  + &c. 

u'  — sin.  u'  — M(o:i  + M(I) . -2  + M(z) . A + M(3) . 4’  -f  &c. 

where  M^0>  = m — sin.  nr,  and  &c.  are  coefficients 

derived  from  M^°  : hence, 

6 = M(l)  B + M 3) . ~ + &c.  : 

and  by  squaring  and  neglecting  the  fourth  and  higher  powers 
of  B,  we  get, 

Bs  = 


M( 


but,  from  the  theory  of  series,  we  get 


jyj(i)  d . (m  — sin.  m)  i — cos.  m /\  — cos.  m 

d . cos.  m sin.  m ^ i -f-  cos.  m * 


therefore 


i -f-  cos.  m 
i — cos.  m ** 


j^|.—  i cos.  m — (*>y  substituting  the  value  of 

cos.  m)  — 1 • Let  A2  = 2R*  + eR'*  = (R  -f-  R')*  + 

(R  — R')*;  then  we  may  substitute  A for  R + R',  since  quan- 
tities of  the  fourth  and  higher  orders  are  neglected  in  the  value 
of  Ba : consequently  we  shall  have 

B*  = 4"  — 0s. 


But,  when  quantities  of  the  fourth  order  are  neglected,  the 
final  equation  of  the  foregoing  method  will  become  b'  = ~ . 

a • 

and  B,  R,  R',  A are  what  b,  r,  r1,  a become,  when  p = o;  thus 
it  appears  that  6s  in  less  than  when  p = o.  But  as  p in- 
creases, at  least  after  a certain  limit,  6*  will  increase  with- 
out  limit,  and  ~ will  decrease  without  limit;  so  that,  when 


*55 


a first  Approximation  to  the  Orbit  of  a Comet . 


P = c/d,  b%  will  be  infinitely  great,  and  L-  will  be  infinitely  little. 
Therefore  there  will  always  be  one  value  of  p,  between  the 

4.9* 

limits  o and  on,  that  will  satisfy  the  equation  6*  = — . 


io.  Before  applying  the  method  here  proposed  to  examples, 
it  will  be  necessary  to  investigate  the  formulas  by  which  the 
elements  of  the  orbit  are  to  be  computed. 

Let  v and  t/  denote  the  true  anomalies  of  the  comet  at  the 
two  extreme  observations;  or  the  angles  which  rand  r'  make 
with  the  perihelion  distance  of  the  parabolic  orbit;  then  in  the 
triangle  formed  by  r,  r7,  and  6,  the  angle  opposite  to  b will  be 
equal  to  the  sum  or  difference  of  v and  u7:  therefore  b*=  ra  + 
r72  — 2 rr'  cos.  (u  + u7)  : but  it  has  already  been  shown  that  6* 
— r2  + rn  — 2V : therefore  V = rr*  cos.  (u  + u7).  Let  the 
angle  contained  by  r and  b in  the  same  triangle,  be  denoted 
by  q> ; and  that  contained  by  r7  and  b , by  then  it  is  plain  that 


COS.  (p 


r — r'  cos.  (v  dz  t/)  , f 

= ; and  cos.  == 


r — r cos. 


~ : whence 


we  get  the  following  formulas  for  finding  the  angles  <p  and  <p7, 
which  are  the  angles  that  r and  r7  make  with  the  chord  b,  viz. 

r*_V 

COS.  <P  = r- 

T r .0 


COS.  <p'  r=z 


r'*— V 
r'.b  1 


observing  that  regard  must  be  had  to  the  signs  of  the  cosines, 
as  well  as  to  their  values  in  numbers.  Again  let 


I / r — r 

— COS.  -y=:  — ; 

then  the  angles  ip  and  4/,  the  cosines  of  which  differ  only  in 
their  signs,  will  be  supplements  of  one  another;  and,  as  it  is 

X 2 
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easy  to  prove  from  the  nature  of  the  parabola,  they  will  be 
equal  to  the  angles  which  the  chord  b makes  with  the  axis  of 
the  orbit.  From  the  angles  thus  found,  the  true  anomalies 
are  immediately  deduced:  for  v is  equal  to  the  difference  of  <p 
and  ij/;  and  u',  to  the  difference  of  <?'  and  ij/.  Further,  the  time 
of  passing  the  perihelion  will  be  between  the  two  extreme 
observations,  when  1]/  and  i|/  are  both  greater  than  <p  and  <p' 
respectively : otherwise  the  time  of  passing  the  perihelion  will 
be  before,  or  after,  both  the  observations,  according  as  r,  the 
radius  vector  at  the  first  observation  is  less,  or  greater,  than  r' , 
the  radius  vector  at  the  third  observation.  But  these  rules 
suppose  that  the  angular  motion  of  the  comet  in  its  orbit,  in 
the  interval  between  the  extreme  observations,  is  less  than 
180°;  which,  in  fact,  will  comprehend  all  the  cases  that  can 
occur  in  applying  the  method. 

The  true  anomalies  of  r and  r',  being  known,  the  perihelion 
distance,  denoted  by  D,  will  be  found  by  either  of  these  for- 
mulas, viz. 

D = r cos.2  — 

2 

D ~ r'  cos.2  — . 

2 

To  find  the  time  of  passing  the  perihelion,  we  must  take 
the  times  corresponding  to  u and  v from  a table  of  the  motion 
in  a parabola;  these  times,  being  multiplied  by  D^,  will  give 
the  intervals  between  the  two  extreme  observations  and  the 
time  of  passage. 

In  order  to  determine  the  position  of  the  orbit  in  the  hea- 
vens, it  is  best  to  begin  with  seeking  the  heliocentric  latitudes : 
let  these  latitudes  be  / and  /' ; then 

sin.  / = ■—  . sin.  x ; sin.  /'  = ~ . sin.  x'. 
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Let  E and  E'  denote  the  two  angles  of  elongation  (or  the 
differences  of  the  geocentric  longitudes  of  the  sun  and  the 
comet);  and  C and  C',  the  two  angles  of  commutation  (or  the 
differences  in  longitude  of  the  earth  and  the  comet) : then 

sin.  C = — . -—7  x sin.  E 

r cos,  l 


sin.  C' 


£p 

r' 


COS.  X' 

cos.  I' 


x sin.  E'; 


by  means  of  which  formulas,  the  heliocentric  longitudes  of  the 
comet  at  the  two  extreme  observations  will  be  known. 

Let  rNtt  represent  the  ecliptic;  K and  K',  the  places  of  the 
comet  in  the  ecliptic,  determined  by  the  heliocentric  longitudes 
already  computed ; PK  and  PK',  the  circles  of  latitude,  and 
KC  and  K'C'  the  heliocentric  latitudes  already  found ; and  lastly, 
let  NCC 'n  be  the  great  circle  in  which  the  plane  of  the  orbit 
meets  the  heavens:  then  although  it  is  possible  that  the  comet 
may  pass  from  C to  C',  either  by  describing  the  small  arc 
CC',  or  the  arc  which  CC'  wants  of  a whole  circle;  yet  from 
the  nature  of  the  case,  no  ambiguity  can  hence  arise,  because 
in  finding  a first  approximation  to  the  orbit  of  a comet,  the 
arc  CC',  which  embraces  the  whole  motion  in  the  orbit  in  the 
interval  between  the  extreme  observations,  will  never  con- 
tain a great  number  of  degrees  : it  is  therefore  easy  to  infer 
whether  the  comet  has  increased,  or  diminished  its  longitude, 
in  passing  from  C to  C' ; in  the  first  case,  the  motion  of  the 
comet  is  direct ; in  the  second  case,  it  is  retrograde.  Nor  can 
there  be  any  difficulty,  or  ambiguity,  in  distinguishing  the 
Ascending  Node,  through  which  the  comet  passes  from  the 
south,  to  the  north,  side  of  the  ecliptic.  The  ascending  node 
is  marked,  in  the  figure,  with  N ; the  descending  node, 
with  n . 
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The  arc  CC'  is  the  measure  of  the  angle  at  the  sun's  centre, 
contained  by  r and  r ' ; and  it  is  known  by  means  of  the  true 
anomalies,  since  it  is  ==  u + 1/ ; or,  by  means  of  the  formula, 

cos.  CC'=  PC  and  PC'  are  the  complements  of  the  he- 
liocentric latitudes;  and  KK'  is  the  difference  of  the  heliocentric 
longitudes.  Now  in  the  spherical  triangle  CPC',  we  have 
sin.  CC':  sin.  P,  or  sin.  KK' : : sin.  PC',  or  cos.  I’ : sin.  C; 
and  in  the  right-angled  triangle  KCN,  of  which  the  angle  N is 
the  inclination  to  the  ecliptic,  denoted  b}'  I ; we  have 
Rad.  : cos.  KC,  or  cos.  / : : sin.  C : cos.  I ; 

therefore  by  combining  these  two  proportions,  we  get 

T sin.  KK'  ; 

COS.  1 = -! — . cos.  i COS.  i . 
sin.  CC 

The  resolution  of  the  right-angled  spherical  triangle  KCN, 
will  give  the  longitude  of  the  ascending  node,  and  the  place 
of  the  perihelion  on  the  orbit.  For  the  side  KN  is  the  differ- 
ence in  longitude  between  the  comet  at  the  first  observation 
and  the  ascending  node : and  the  hypothenuse  NC  is  the  an- 
gular distance  on  the  orbit  between  the  same  node  and  the 
comet  at  the  first  observation  ; and  from  this  it  is  easv  to  find 
the  angular  distance  between  the  node  and  the  perihelion, 
which  will  fix  the  place  of  the  perihelion  on  the  orbit. 

11.  In  applying  the  preceding  method,  the  examples  in 
Legendre's  Memoir  and  the  supplement  to  it,  have  been  pur- 
posely taken : first,  because  these  make  a selection  of  instances 
greatly  varied  in  their  circumstances : secondly,  because  the 
results  obtained  by  the  formulas  investigated  in  this  paper  can 
thus  be  compared  with  his,  and  other  methods,  and  with  the 
corrected  elements,  which  are  likewise  given  in  his  Memoir. 
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Application  to  the  second  Comet  of  1781. 

The  following  observations  of  this  comet,  which  was  dis- 
covered by  M.  Mechain,  are  taken  by  Legendre  from  the 
Mem.  de  V Acad,  des  Sciences , for  1780:*  they  are  all  reduced 
to  the  same  hour  of  every  day,  namely  to  Sh  29'  44"  mean  time 
at  Paris. 


Times  of 
Observation. 

Longitude. 

North  Latitude. 

Longitude  of^. 

Log.  of  R. 

September. 

14 

c>  3 °7  14  45 

55  17  9 

t n 

52  54  2 

R>  9 994864 

19 

06  51  26 

*>°  39  14  48 

e° 57  57  4 

R.°  9 994426 

24 

e/306  42  £0 

V 31  4 52 

e/63  0 41 

R>'  9'994028 

By  applying  the  directions  and  formulas  of  No.  8,  I have 
found, 

Log.  46*=  9-0732228 
n = 30-6'°  19'  5" 
i =*  89  21  27 
£ = — 00000970 

« = 39°  * 4'  4 9° 
h — 55  17  28 
h'=  31  5 o 

log.  /3  = 0 2892147 
COS.  <y=  9-9600258 

With  regard  to  the  three  principal  formulas  of  the  orbit,  I 
remark  that  it  is  the  logarithms  of  the  coefficients,  and  not 
the  coefficients  themselves,  that  are  afterwards  used  : on  this 


* Nouvelles  Methodes,  p-  33»  § xxxii. 
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account  it  is  convenient  to  denote  the  coefficients  by  means  of 
their  logarithms  : which  is  done,  by  writing,  for  instance, 
num.  (9.4824,80)  for  the  number  whose  logarithm  is  9-482480. 
The  formulas  of  this  orbit,  expressed  in  the  manner  here  pro- 
posed, are  as  follows,  viz. 
r*  — 0-976625  — num.  (9*482480)  x p -f  p* 
r'2=  0-972873  — num.  (0-163532)  xp  + num.  (0*578429]  x p‘ 
V = 0*959610  — num.  (9*847341)  x p + num.  (0-24924 i)xp2. 

We  are  now  prepared  to  approximate  to  the  value  of  p;  for 
which  purpose  we  must  seek  a first  value  as  near  the  truth  as 

we  can.  Now,  in  this  instance,  — — ^ is  positive,  and  very 

small : hence,  we  may  infer  that  r will  be  less  than  R,  but, 
approaching  near  to  an  equality  with  it.  Let  us  then  suppose 
r2  = R2  = 0*976625;  and  we  get  p = num.  (9*482480)  = 
0-3037  ; or  p = 0*3  nearly.  By  substituting  0*3  for  p,  we  get 
T*  = 0-975508 
/2=  o-8  76635 
V = 0*908288 

b2  = r2  -J-  r2  — 2V  = 0*035567 

a*  = 2r*  sr72  = 3*704286  . . log.  0*5687044 

log.  a = 0*2843522 

b’  — ~ = — 0-025932. 

The  error  here  having  the  same  sign  as  in  the  supposition 
f = 0 (No.  9)  ; we  hence  learn  that  p is  greater  than  0*3. 
Suppose  p = 0*4,  then 

r*  = 1*01513  6 
/*=  0*996083 
V = o 962188 
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b • = 0*086843 

a%  = 4 022  4,38  . . . log.  o 6044892 

log.  a = 0 3022446 
6* — ~ = 4“  0*027826. 

This  error  is  nearly  equal  to  the  former,  but  it  has  an  op- 
posite sign : hence  p will  be  nearly  = 0*35.  Suppose  p = 0*35, 
then 

f 1 = o 992821 
r'2  = 0*926888 

V = 0930800 
6*  = 0*058109 

= 3*8394l8  • • • J°g*  0*5842654 
log.  a = o 2921327 

4-0* 

b1  — z=.  — 0*002298. 

By  comparing  this  error  with  the  last,  we  get  a nearer  value 
of  p,  viz.  p = 0*354 : and  the  approximation  is  now  far  enough 
advanced  to  take  in  all  the  terms  of  the  final  equation  in  making 
the  next  substitution,  viz.  p = 0*354 : then 

r'  = 0994422 
**'  = 0*931729 

V = 0932985 
6*  = 0*060181 

a*  = 3*852302  . . . log.  0*5857202 


1 + 


i 

3 


r1 — r'a  * * 


log.  0 = 0*2928601 

+ u • ? = 1-00  H34 


1*001434  = — 0*000212. 
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In  order  to  get  another  equation  to  compare  with  this  last,  I 
resume  the  equation  of  the  supposition,  p = o'ggo,  and  correct 
it  by  taking  in  all  the  terms  of  the  final  equation  : then 

b'  — ~ x 1*001434  = — 0 002385: 

and  now  by  comparing  the  two  errors  I finally  get  P = 0-35439. 
This  value  being  substituted,  the  result  is  as  follows,  viz. 

r'  = 0994580 
r'2=  0932205 
V = 0-933200 
b 2 = 0-060385 

a'  — 3’85357°  • • • log-  0-5858633 

log.  a = 0 2929316 

4&* 

b 2 — ~ x 1-001434  — + 0-000002. 

Having  now  obtained  the  exact  values  of  p,  r*,  /*,  V and  b\ 
it  remains  to  deduce  the  elements  of  the  orbit  from  them. 
Now  we  have  (No.  10) 

r-jT  — cos-  ?■■•<?  = 75°  29'  43" 

*-£■  = — COS.  4/  v if  = 97  25  50 

Anomaly  u = 21  56  7 

yy  — cos.  <p*  v (p'  = 90*  14'  25" 

y ny* 

-y  = — COS.  ;]/  *.*  1]/=  82  34  IO 

Anomaly  1/  = 7 40  15. 

For  the  perihelion  distance,  we  have 

D = r cos.*  ~ v log.  D = 9-9828082 
/ 

D = r*  cos.*  ~ v log.  D = 9-9828083 
D ==  0-961188. 
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By  a table  of  the  motion  in  a parabola  I have  found  the  in- 
tervals corresponding  to  v and  v' 

16*  1316  days, 
log.  1*2076773 

log.  Di  =a  9 974,2123 


as  follows,  viz. 
and  5-3198  days 

°*7  419233 
9-9742123 


o*7i6‘i356 
Num.  5*201 6. 


1*1818896 
Num.  15*2016 

These  are  the  intervals  between  the  two  extreme  observa- 
tions and  the  passage  of  the  perihelion,  which  according  to 
the  rule  in  No.  10,  will  be  posterior  to  both  the  observations: 
therefore  the  comet  will  be  in  the  perihelion,  Nov.  29*5556,  or 

Nov.  29,  i3h  2 o'  4." 

M.  Mechain  has  applied  the  method  of  Laplace  to  this 
comet,  using  as  the  basis  of  his  calculations,  five  observations 
between  the  24th  anc!  25th  of  November.*  Laplace's  method 
gives  rules  for  finding  two  elements  only,  viz.  the  perihelion 
distance,  and  the  time  of  arriving  at  the  perihelion  : for  the 
sake  of  comparison,  I now  subjoin  the  results  of  M.  Mechain; 
the  same  elements  calculated  by  Legendre  from  the  obser- 
vations used  here  ; and  the  more  exact  elements  corrected  by 
distant  observations. 


Perihelion 

Time  of  Pas- 

Distance. 

sage  Nov.  29. 

M.  Mechain  by  Laplace's  method 

0-9583509 

h 

l8  IO  34 

Legendre  - 

0-960449 

00 

to 

In  this  paper  - 

0*961188 

13  20  4 

Corrected  elements  - ' - 

0-960995 

12  42  46 

* These  calculations  are  given  in  Biot’s  Astron.  2d  Edit.  Vol.  III. 
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I have  likewise  computed  the  remaining  elements  of  this 
orbit  by  the  rules  laid  down  in  No.  10,  and  I have  found  them 
to  be  as  follows,  viz. 

Inclination  - - 270  1'  00" 

Place  of  the  ascending  node  77  56  32 
Place  of  the  perihelion  - 15  59  18 

The  method  here  proposed  will  represent  the  two  extreme 
observations  exactly ; so  that  all  the  error  of  the  solution  will 
fall  upon  the  middle  observation.  I have  therefore  employed 
the  elements  found  above,  to  compute  the  geocentric  place  of 
the  comet,  Nov.  19,  8k  29'  44",  in  order  to  compare  it  with 
observation.  The  result  of  this  calculation  is  as  follows,  viz. 


Calculated 

Longitude. 

Observed 

Longitude. 

Error. 

Calculated 

Latitude. 

Observed 

Latitude. 

Error. 

306  51  30 

O in 

306  51  26 

+ 4 

39  H 3*4 

39  14  48 

// 

— 14 

In  Legendre's  memoir  I find  a like  comparison  of  the  cor- 
rected elements  with  observation;  the  error  in  longitude  being 
+ 100";  and  the  error  in  latitude,  — 55".  It  appears  then 
that  the  errors  of  the  elements  found  here  are  almost  nothing, 
and  even  much  less  than  those  of  the  corrected  elements* 

Application  to  the  Comet  of  1 769. 

The  places  of  this  comet  set  down  below  are  not  derived 
from  actual  observation;  they  are  calculated  by  Legendre 
from  the  known  elements  of  the  orbit.*  In  this  instance  there- 
fore, the  inaccuracy  of  the  results  is  to  be  attributed,  not  to 


* Nouvelles  Methodes,  p.  43,  $ XL. 
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the  errors  of  observation,  but  solely  to  the  defects  of  the 
method. 


Times 

Sept. 

Longitudes. 

South  Latitudes 

Longitudes  of  ®. 

Log.  R. 

d.  h. 

8 14 

• / 0 

c,  101  18  8 

X,  22  14  3 5 

e 346‘  35  31 

R,  0*0026648 

10  14 

c°,  112  51  31 

x°,23  28  15 

e°.348  S2  22 

12  14 

c\  124  26  47 

x',23  48  3 6 

^350  29  20 

R', 0002 1838 

From  these  data,  I have  found 

log.  402  = 8*2773428 
n = 330  22'  56" 
i = 23  48  49 
l = -f  0*0006684 
* = 8o°  23'  45" 
h = 69  38  21  j 
^ = 90  58  25 
log.  jQ  = 0*0071924 

COS.  ry  = 9 9691708. 

r'  = 1-012347  — num.  (9  8913194,)  x p + p* 

r^ss  1*010107  — num.  (0*1132123)  xp+  num.  (0.0143848)  xp* 

V=i *008888  — num.  (0*0104917)  x p + num.  (9*9763632)  xp\ 

S' 

In  this  instance  — — — - is  positive : therefore  the  comet  is 
nearer  the  sun  than  the  earth  : hence  p z.  num.  (98913194), 
or  p 0*778.  In  order  to  get  narrower  limits,  I take  p = 

= 0*389,  °r  P = °‘4>  for  a first  approximation  ; then 
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r*  = 0*860903 
ru  = 0*656370 
V = 0.750632 

6*  = r*  + r>%  — 2 V = 0*016009 

a*  = 2r  + 2 r'#  = 3*034546  . . . log.  0*4820936 


log.  a = o‘24io468 

• 6*_  7“  — + °’°°5i37- 

As  this  error  is  positive  p must  be  diminished:  therefore 
suppose  p = 0*3  ; then 

r*  = 0*868764 
r/a=  0*713794 
V = 0*786784 
h * = 0*008990 

a'  ==  3*165116  . . . log.  0*5003896 


b'— 


4G2 


log.  a = 0*2501948 
— 0*001655. 


By  comparing  the  two  errors  it  will  appear  that  p is  between 
0*32  and  0*33:  suppose  p = 0*33,  and  because  the  errors  are 
now  small,  let  all  the  terms  of  the  final  equation  be  taken  into 
account;  then 

r2  = 0*864306 
r1'  = 0-694396 
V = 0773950 


6*  = o*oi  0802 

a*  = 3-117404  . . . log.  0-4937930 


log.  a = 0*2468965 


. r /ra— r/a\2  1 1 

+ a (— -)  + 77  • — 1-001774 
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4.6* 

b * — -jx  1*001774  = + 0*000057. 

Because  the  last  value  of  p is  too  great,  let  p = 0*329  : then 
r*  = 0*864426 
r'*  = 0*695012 

V = 0774351 
6*  = 0*010736 

a‘  = 3-118876  . . . log.  0-4939875 

log.  a — 0-2469938 

6*  — ~ x 1*001774  = — 0*000007. 

By  comparing  the  two  last  errors  we  finally  get  p = 
0*32911:  then 

rfc  = 0*864412 
r’=  0-694945 

V = 0-774307 
6‘=  0*010743 

a2=  3-118714  ...  log.  0-4939760 

log.  a = 0*2469880 
6'—  x 1*001774  = 0. 

From  the  values  just  found,  we  get 

log.  r = 9*9683604 
log.  r*=  9*9209752  : 

and  the  angle  contained  by  r and  r',  the  cosine  of  which  is  = 

jp,  will  thence  be  found  = 20  31'  35".  These  quantities  are 
sufficient  for  determining  the  parabola  described  by  the  comet ; 
and  as  they  are  the  immediate  results  of  the  method,  the  fairest 
way  of  judging  of  the  exactness  of  that  method,  seems  to  be, 
to  compare  them  with  the  true  values  calculated  from  the 
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known  elements  of  the  orbit.  Now  the  elements  employed 
by  Legendre  in  computing  the  places  of  the  comet  used  in 
this  example,  are  these,  viz. 

log.  of  perihelion  dist.  9 090847 
Time  of  passage,  Oct.  7*5310; 
from  which  data  I have  calculated  the  radii  vectores  and  the 
true  anomalies  for  the  8fh  and  12th  of  September  at  i4h,  as 
follows,  viz. 


September. 

Log.  of  Rad.  Vect. 

Anomaly. 

d.  h. 
8 14 

9968361 

137  17  35 

12  14 

9.920961 

134  4 6 10 

Angle  between  r and  d 

2 31 25 

These  quantities  differ  very  little  from  the  results  obtained 
above : the  errors  are  indeed  hardly  greater  than  the  dis- 
crepancies which  it  is  difficult  to  avoid  in  a complicated  cal- 
culation, viz.  first  computing  the  geocentric  longitudes  and 
latitudes,  and  then  going  back  from  these  to  the  elements  of 
the  orbit. 

The  exactness  of  the  approximation  is  sufficiently  proved 
by  the  comparison  already  made : but  I have  likewise  calcu- 
lated  these  two  elements,  viz. 

log.  of  perihelion  dist.  - 9*091920 

Time  of  passage,  Oct.  - 7*5403 

the  perihelion  distance  being  ^^th  part  too  much,  and  the 
time  of  passage  about  13^  later  than  the  true  time.  These 
errors,  although  very  small,  are  yet  greater  than  might  be 
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expected,  considering  the  exactness  with  which  the  comet's 
distances  from  the  sun,  and  the  included  angle,  were  deter- 
mined : but  a very  little  variation  of  these  quantities  will  pro- 
duce a great  alteration  in  the  magnitude  of  the  parabola,  when 
the  angle  contained  by  the  radii  vectores  is  so  small  as  it  is  in 
this  instance. 

Of  the  two  comets  to  which  the  method  in  this  Paper  has 
been  applied,  the  first  varies  very  slowly  in  longitude,  and 
very  rapidly  in  latitude;  the  second,  on  the  contrary,  has  a 
quick  motion  in  longitude,  and  a very  slow  motion  in  latitude: 
in  both  instances  however  the  intervals  between  the  observa- 
tions are  equal ; and  I now  proceed  to  give  other  examples 
where  this  condition  is  not  observed. 

Application  to  the  second  Comet  of  1805. 

The  following  observations  are  the  same  that  Legendre 
has  used  for  determining  the  orb  t of  this  comet  :*  they  were 
communicated  to  him  by  M.  Bouvard. 


Times 

November 

Longitudes. 

North  Latitudes. 

Longitude  of  ®. 

Log.  R. 

23*32241 

• / * 
Cy  24  41  5 

A,  27  25  19 

0 / a 

e,  6 1 8 23 

R,  9'9942042 

3°‘51095 

c°,  15  S8  36 

A°,1 9 25  6 

e°,68  25  47 

R°>9'9936655 

December 

6'2958i 

O 2 6 33 

Ah  3 19  22 

e',73  17  5 

R'.9-9933784 

Calculating  from  these  data,  we  get 

log.  4,0*  = 9 2296576 

» = 359° 21  5H" 

* Supplement  aux  nouvelles  Methodes,  $ 30,  p.  36. 
MDCCCXIV.  Z 
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i = 5°°  3°'  11" 

8 = — 0*0039318 
0 = 25°  21'  33" 
h — 36  38  sH 
li'  = 4 1 8 27 
log.  r = 0-8566407 
log.  r — 0*6798693 
log.  £ = 9'55938o3 

COS.  ry  = 9-9268248 

r*  = 0*973662  + num.  (0*1489016)  x p + p* 

/•=  0*969967  + num.  (9*3618159)  xp  + num.  (9*1 187606)  xpz 
V = 0*950062  + num.  (9  88 19026)  x p + num.  (9*486205i)xp2. 

In  this  instance,  the  form  alone  of  r2  shows  that  r > R ; and 
likewise  that  r increases  continually  as  p increases : we  will 
therefore  make  different  substitutions  for  p,  increasing  the 
value  when  the  error  is  negative,  and  decreasing  it  when  the 
error  is  positive. 

First,  let  p = o*i : then 

7*=  1*124556 
r'=  0*994286 
V = 1*029316 

b*  = r*  -f-  r,%  — 2V  = 0*060210 

a'  = 2 r + sr/2  — 4-237684  . . . log.  0-6271286 


0 — = — 0*022221. 

Next,  let  p = 0*2  ; then 

r = 1-295456 

r,%=z  1-021234 
V = 1*1 14698 
hx  = 0*0872^4 


log.  a — 0-31356-43 
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a*  = 4*633380  . . . log.  0*6658978 

log.  a = 0-3329489 
b*  — IT  ~ + 0*008461 . 

A comparison  of  the  two  errors  will  show  that  p = 0*17  nearly : 
this  value  being  substituted,  we  get 

r2  = 1*242087 
r,2=  1*012874 

V = 1-088439 
b1  = 0*078083 

a'=  4*509922  . . . log.  0*6541690 

log.  a — 0*3270845 
b1 — — = — 0-001822. 

a 

By  comparing  this  error  with  the  last,  it  will  be  found  that  p 
is  between  0*175  and  0*176:  I therefore  put  p — 0*176;  and 
as  the  errors  are  now  small,  I employ  the  complete  final  equa- 
tion : then 

r2  — 1*252617 
r'*=  1-014527 

V = 1*093647 
b 2 = 0-079850 

a 2 = 4-534288  . . . log.  0-6565091 
log.  a = 0*3282546 

1 + i ■ [r~^1y  +Ti-T'  = 1'00s84® 

b* — —■  x 1-002846  = — 0*000067. 

= 0*177  : then 
^=1*254378 
iJ1—  1*014803 

Z 2 

« 


I next  put  p 
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V = 1*094516 
b 2 = 0080149 

a*  1=  4-538362  . . . log.  0-6568991 


log.  a = 0-328449(1 
6*  — ~ x 1-002846  ==  -j-  0-000268. 

From  the  two  last  errors  we  finally  get  p = 0-17620  ; which 
must  be  substituted  : then 

r*  = 1-252969 
r,2=  1-014582 
V — 1-093821 
b2  = 0079909 

= 4*535102  . . . log.  0-6565888 


6*  ““  IT  x 1,002846  = 0. 


log.  a = 0-3282944 


From  these  values  we  get 


-V 


= cos-  <?>  *•*  <F=  59°  48'  14' 


— v 


r — r 
~b~ 


y^—  __  COS.  <p'  <p;=  106  9 30 

= - cos.  4,  = + cos.  4/  vff=113°21'  45" 

1 4-  = 66  38  15 

anomalies  ■ U,  ^ ^ ^ 33  S1 

u'=  <p'  — 4/  = 39  31  1<5 

Then,  to  find  the  perihelion  distance  D,  we  have 
D = r cos.*  -f  = 9 9504285  logarithms 
D = / cos.*  ^ = 9 9504285. 

The  times  corresponding  to  the  anomalies,  taken  from  a 
table  of  the  comets,  are  as  follows,  viz. 
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days  45'0135 
log-  1 '6.53.3428 
log.  D1  9 92564,27 


days  30-8044 
log.  1 ’4886127 
log.  D!  9*9256427 


1*5789855  1 -4142554 

Num.  37-9303  Num.  23*9570 

hence  the  time  of  passing  the  perihelion  is  fixed  for  Dec. 

3r2527* 

By  making  the  rest  of  the  computations  in  No.  10,  I have 
found  the  following  elements  of  this  comet,  viz. 

Log.  perih.  dist.  - 9*950429 

Time  of  passage,  Dec.  25*2527 

Inclination  - i6°3o'  37^-" 

Place  of  ascend,  node  250  33  34 
Place  of  perihelion  109  20  21 
Motion  Direct. 

Legendre,  from  a comparison  of  all  the  observations  of  this 
comet,  which  are  only  six  in  number,  has  found  the  following 
corrected  elements,  viz. 

Log.  perih.  dist.  - 9 9502700 

Time  of  passage,  Dec.  25  28551 
Inclination  - 160  31'  io'' 

Place  of  ascend,  node  250  33  34 
Place  of  perihelion  10 9 23  39 

which  differ  very  little  from  those  found  above,  and  prove  the 
exactness  of  the  approximation  by  the  method  in  this  paper. 

Neither  of  these  two  systems  of  elements  represent  the  ob- 
servation of  Nov.  30,  with  much  accuracy,  the  errors  in  lon- 
gitude amounting  to  between  -f-  v! \ and  + S'  • o n which 
account  it  is  probable  that  there  is  some  peculiar  inexactness 
in  that  observation. 
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Application  to  the  first  Comet  of  1805. 

This  comet  was  discovered  by  M.  Bouvard  : and  Legendre 
has  given  us  five  observations  communicated  to  him  by  that 
astronomer.*  Of  these  observations  those  which  I have  se- 
lected for  the  purpose  of  computing  the  orbit,  are  unfavour- 
able in  several  respects.  For,  besides  that  the  intervals  between 
them  are  too  unequal,  the  whole  time  elapsed,  which  embraces 
a heliocentric  motion  of  no  less  than  25®,  is  rather  too  long  : 
and  it  happens  that  the  comet  is  placed  with  regard  to  the 
earth  and  the  sun,  so  as  to  approach  ver}'  near  the  limit,  when, 
as  has  been  remarked  in  No.  9,  the  method  will  fail.  A better 
choice  cannot  however  be  made  from  the  observations  recorded 
by  Legendre,  without  interpolating. 


Times. 

Longitudes. 

North  Latitudes. 

Longitudes  of®. 

Log.  R. 

October. 

22-6849 

C,  163  20  53 

22  59  53 

e,  29  19  50 

R,  9'997 421 

30-6867 

c°,  183  48  32 

37  21 

e°,37  19  48 

R°,  9‘996496 

November. 

37209 

191  4 6 15 

x',12  2 29 

e',  41  22  26 

R'>  9'996o53 

In  this  instance,  we  get 

log.  4^  = 9*234! 873 

n = 34°  58'  31*" 
i = 28  25  49 
£ = + 0*0246945 
« = 146°  if  25" 
h = 124  51  1 

hi  = 154  o 41 

* Supplement,  p.  14,  § 15. 
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log.  r ==  0-9031887 
log.  t'  = 0-6057574 
log.  (3  = 0-1372458 
cos.  7 = 9-94.11400 

r*  = 0-988192  — num.  (0-104392)  . p -f*  P* 
r‘‘  = 0-981987  — nurn.  (0-363921 ) . p - j-  num.  (0-274492  ) . p 
V = 0-963404  — num.  (0  244138) . p + num.  (0-078386) . p2. 

In  this  instance  — — - is  positive;  and  therefore  the  comet 

COS*  I 6 — Yl  J 

is  nearer  the  sun  than  the  earth  is:  hence  p < num.  (0-104392), 

j 27 

or  p < 1.270.  To  get  narrower  limits  I assume  p = — = 

0-635,  or  p =:  o-6 ; then 

r = 0-585160 
r,2=  0*272317 

V = 0-341949 
b2  = o-i  73579 

a2=  1714954  . . • log.  0-2342388 

log.  a = 0-1171194 
b2  — ~ > = + 0*042642. 

This  error  being  positive,  the  value  of  p must  be  diminished : 
therefore  suppose  p = 0-5;  then 
r*  = 0-602332 
o 296528 

V = 0-385635 
b2  = o*  127590 

#2  = 1797720  . . . log.  0-2547220 

log.  t7  — O'  1273610 

. g 1 

— 57  — — ° 000297. 
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Here  the  error  being  very  small,  it  will  be  proper  to  take  in 
all  the  terms  of  the  final  equation : then, 

» /ra— r'a\2  lb1  0 

* + M-H  x ^ ^ = ros°s82 

If — X l *020382  = — 0-002903. 

It  now  appears  that  p is  between  o *6  and  0*5,  but  much  nearer 
to  0-5:  therefore  put  p = 0-51 ; then 

r2=  0-5997H 

rn—  0-292413 
V = 0*380190 
hr  — 0*131747 

a-  = 1784254  . . . log.  0*2514566 


log.  a = 0*1257283 
1 + i • (^j  + r2  • v*  = 1-020984 
62 — — x 1*20984  = -|-  0.000685. 


By  comparing  this  error  with  the  last  we  get  p = 0-5081,  which 
must  be  substituted  ; then 
r2  = 0-600197 
rn=z  0*293163 
V ==  0*381205 
b2=  0*130950 

<2*  = 1*786720  . . . log.  0*2520565 

log.  a = 0*1260283 
6s  = ~ x 1 *02086  = — 0*000005. 

The  approximation  has  already  been  pushed  farther  than 
was  requisite  : for,  in  this  instance,  the  terms  of  the  fourth 
order  affect  the  errors  in  the  third  place  of  decimal  figures ; 
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and  therefore  the  terms  of  the  higher  orders,  which  are  omitted, 
may  be  supposed  to  affect  the  errors  in  the  fourth  and  fifth 
places  of  figures,  beyond  which  degree  of  exactness  the  ap- 
proximation is  already  carried.  To  compute  the  elements  of 
the  orbit,  we  have 


ra — V 
rb 


cos.  <p  v <p  ==  38°  38' 


r—7' 


— cos.  v — 130  8 


6" 


Anomaly  u = 4 — <p  = 9 1 30  15^ 
= cos.  <p'  v <p'  = 1160  42'  6^" 

l=-r  ==  - cos.  4/  v4/  = 49  51  381- 


Anomaly  i/  = <pr  — i|/  ==  66  50  28. 

Then,  D = r cos.1 2 *  — = 9*5765635  logarithms 

\ 

/ 

D = r'  cos.8  ~ = 9*3765635. 

The  times  corresponding  to  the  anomalies,  taken  from  the 
table,  are 

days  1 14-048  days  62-1248 

log.  ^ 2-0570877  log.  ^ 17 932650 

log.  D4 * * *,  9-3648453  log.  D4,  9-3648453 


1 '42 1933°  1*1581103 

Num.  26-4200  Num.  14*3916: 

the  difference  of  these  two  intervals  is  12  0284  ; but  it  should 

be  12-0360:  I therefore  add  0-0038  to  the  first,  and  subtract  it 

from  the  second  interval ; then  they  are  26  4238  and  14-3878: 

and  by  adding  these  corrected  intervals,  to  the  times  of  the 
observations,  the  time  of  the  comet's  passing  the  perihelion 

will  come  out,  Nov.  18-1087. 

A a 
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Having  completed  the  rest  of  the  calculations  in  No.  10,  the 
elements  of  this  comet  will  be  found  as  follows : viz. 

Log.  of  perih.  dist.  - 9'5765635 

Time  of  passage,  Nov.  - 18-1087 

Inclination  - - 15°  40' 17" 

Place  of  ascend,  node  - 345  7 39 

Place  of  peri.  - 148  11  7 

Motion  direct. 

These  elements  will  not  represent  the  two  extreme  observa- 
tions with  perfect  accuracy  as  in  the  other  examples,  on  account 
of  the  correction  which  it  was  necessary  to  introduce,  in  order 
to  annihilate  the  difference  between  the  time  in  the  orbit  and 
the  actual  interval  between  the  observations  : but  the  errors 
proceeding  from  this  cause  will  be  inconsiderable,  and  can 
hardly  amount  to  20/'  If  we  employ  the  same  elements  to 
calculate  the  place  of  the  comet,  Oct.  30  6867,  we  shall  find 
these  results,  viz.  Geo.  Long.  Geo.  Lat. 


Calculated  183°  51' 20 
Observed  183  48  32 


error  + 2 48 


15°  S6’  37 
15  37  21 

error  — 44 


IT 


These  errors  are  in  reality  less  than  might  be  expected, 
considering  the  disadvantages  under  which  the  computation  of 
this  orbit  is  made  Legendre  has  given  a system  of  elements 
which  represents  the  observations  of  the  comet  very  exactly, 
the  greatest  error  not  exceeding  1':  and,  for  the  sake  of  com- 
parison, I likewise  subjoin  these  elements,  viz. 

Log.  of  peri.  dist.  - 9*574798 

Time  of  passage,  Nov.  - 18-01736 

Inclination  - - J5°58'  is" 
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Place  of  ascend,  node  - 3450  6'  51" 

Place  of  the  peri.  - 149  o 28 

12.  The  method  of  finding  a first  approximation  to  a comet's 
orbit,  investigated  in  this  Paper,  has  now  been  applied  to  four 
examples  in  very  different  circumstances  from  one  another ; 
and  the  results  obtained  in  them  all  are  satisfactory.  These 
instances  will  suffice  for  making  the  rules  of  calculation  clear, 
and  for  confirming  the  accuracy  of  the  analysis  from  which 
they  have  been  deduced.  It  remains  that  we  now  consider 
the  particular  cases,  already  noticed  (No.  7),  in  which  this 
method  fails. 

If  a new  planet  should  be  discovered  that  moved  exactly  in 
the  plane  of  the  ecliptic,  three  geocentric  observations  of  it 
would  not  be  sufficient  for  finding  its  orbit.  The  latitudes 
being  wanting  in  the  circumstances  here  supposed,  the  longi- 
tudes alone  would  not  furnish  conditions  enow  for  determin- 
ing the  magnitude  and  position  of  the  curve  which  the  planet 
described.  The  same  thing  will  likewise  happen  in  another 
situation,  when  the  latitudes,  although  not  evanescent,  yet 
depend,  all  of  them  in  the  same  way,  upon  the  longitudes ; 
and  that  is  when  the  three  geocentric  places  of  the  planet  are 
situated  in  one  great  circle  of  the  heavens  which  cuts  the 
ecliptic  in  the  points  occupied  by  the  earth  and  the  sun  at  the 
time  of  the  middle  observation.  This  last  case  may  indeed  be 
considered  as  including  the  former  one,  when  the  plane  of 
the  planet’s  orbit  coincides  with  the  ecliptic. 

With  regard  to  the  comets  it  must  be  remembered  that  three 
complete  observations  are  more  than  sufficient  for  finding  an 
orbit:  and  on  this  account  there  are  still  conditions  enow,  but 
no  more  than  enow,  to  determine  the  elements  sought,  in  the 
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circumstances  abovementioned  in  which  the  problem  becomes 
indeterminate  when  applied  to  the  planets.  We  shall  therefore 
proceed  to  analyze  this  case,  which  has  already  been  noticed  as 
forming  a real  distinction  in  the  problem  we  are  considering. 

Resume  the  three  following  equations  which  have  already 
been  investigated  in  No.  4,  viz. 

er'p  cos.  h + <rp'  cos.  h!  — cr"p°  cos.  A°  cos.  ( c°—n ) = 


TT  (t  + t) 
2 


-^3)  • R°  cos.  (e°—n) 


r'p  cos.  i sin.  h -\-  c-p'  cos.  i sin.  If  — vf  cos.  a°  sin.  (c°— n)  = 


<r'o  sin.  i sin.  li  + <rp*  sin.  i sin.  h ' — <r"p°  sin.  x°  — 0 : 

and  employing  If  and  i°  to  denote  the  same  things  as  in 

No.  5,  let  the  following  values  found  there,  viz. 

‘ cos.  A°  sin.  (c° — n)  = cos.  i°  sin.  If 
sin.  A°  = sin.  i°  sin.  If 

be  substituted  in  the  two  last  of  the  equations  above ; then 
these  equations  will  become, 


<r'p  cos.  i sin.  h -f-  o-p  cos.  i sin.  h — a-"p°  cos.  i°  sin.  If  = 

sin.  (f-n) 


e-'p  sin.  i sin.  h + <rp*  sin.  i sin.  h — <r"p°  sin.  i°  sin.  If  = 0: 
further  let  these  two  equations  be  added  together,  after  being 
multiplied  by  cos.  i and  sin.  i respectively:  then  we  shall  get 
< fp  sin.  h -f-  o-p  sin.  Ii  — c r"p°  cos.  (z  — i°)  sin.  If  =. 


TT  (t-4-t')  (I  1 \ -T)o  • • / o \ 

2 * (ir«*  ^ Z Sin.  (fc  7Z). 

In  the  particular  cases  we  are  considering,  either  i = z°; 
or  i and  z°  are  both  evanescent;  in  both  which  cases  cos.  (z— z°) 
= 1.  And  if  we  attend  to  the  analysis  in  No.  5,  it  will  appear 
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that,  in  every  case,  sin.  (/  — z°)  is  of  the  second  order;  and 
hence  cos.  (z  — z°),  differing  from  1 only  by  quantities  of  the 
fourth  order,  may  generally  be  regarded  as  equal  to  unit.  The 
last  equation  will  therefore  become, 
irp  sin.  h -f-  07/  sin.  K — o-"p°  sin.  If  = 


tt,(t+t)  / 1 


. R°  cos.  i sin.  ( t° — n) : 


and,  if  this  equation  be  combined  with  the  first  of  the  three 
equations  set  down  at  the  beginning  of  this  article,*  so  as  to 
exterminate  p°  and  p',  we  shall  get, 


<r'p  sin.  ( h° — h ) — o-p  sin . ( K — li  ) 


tt'  (r-f-  t') 


I 


^i)  • R°  *- 


| cos.  («° — n)  sin.  h°  — cos.  i sin.  (e° — n ) cos.  h°  j ; 
sin.  (k'—h)  - <r"p°  sin.  (A'-A«)  = - - ~^3) . R° x 

| cos.  ( e° — n ) sin.  h'  — cos.  i sin.  ( e° — - n ) cos.  h'  | • 

gj  f fJ 

Observing  then  that  — = — , and  = ^7,  nearly;  if  we  put 


Bt'Ct+t')  jjo  cos.  (e°  — »)  sin.  h°—  cos.  i sin.  (e°  — n)  cos.  Z)°  . 

" • li.  . • . _ 

✓ 2 sin.  /o  — 

sin.  (&' — b)  t 


sin.  ( h'—b *)  * t4-t'  ’ 


we  shall  get, 


P 


p = 6 . p 

sin.  (/.>• — 7j)  t' 


" I " ro?  ko3  ’ 


^ * sin.  (//— /j*)  * r 1 r°?  K°3 

the  quantities  of  the  second  order  being  omitted  in  the  expres- 

sion  of  p° ; because  p°  is  only  to  be  used  in  valuing  — which  is 
already  of  the  second  order. 

If  we  substitute  the  values  of  the  coordinates  (No.  3),  in  the 
expressions  r°2  = x *2  -f  y°2  -f-  £°2;  f — a:2  + y + z2;  rn  = 
.z'2  -j.  y2  -|-  s'2;  V = xT  4*  J)D'/  + zz'  j we  shall  get 

* In  this  equation  cos.  /o®  must  be  written  for  its  equal  cos.  cos.  (e'-ii). 


i8s 


Mr.  Ivory  on  a new  Method  of  deducing 


r°2  = R°2  -j-  2R0  cos.  x°  cos.  (e° — c°)  . e . p -(-  . p2 

r*  = R2  -f  2R  cos.  x cos.  (tf  — r)  . p + p2 
r'2  = R'2  + 2R'  cos.  x'  cos.  (e7—  c7)  . p'  + f 

V ==  RR7  cos.  (*'—  *)  + R cos-  cos-  (*  — c') . / 

-f-  R7  cos.  x cos.  (e7 — c)  , fi  + cos.  7^'. 
Cos.  <y  denoting  here  the  same  thing  as  before.  The  first  of 
these  formulas,  which  determines  r°2  when  g>  is  given,  will 
enable  us  to  compute  g when  the  value  of  ^ is  known  or  as- 
sumed, by  means  of  this  formula  found  above,  viz. 

t sin.  (Z)°—  h)  r . B B 

? — ? X sin.  (b'—b°)  • T ‘ 7^  Ro3* 

Thus  the  values  of  the  functions,  r2,  r'2  and  V will  depend  only 
upon  one  unknown  quantity,  namely  ^ ; which  may  therefore 
be  found  by  the  help  of  the  same  final  equation  as  in  the  for- 
mer method. 

The  preceding  analysis  leads  us  to  the  following  method  for 
determining  the  orbit  of  a comet,  viz. 

1st.  We  must  begin  with  computing  the  values  of  9,  n,  and 
i,  as  in  the  former  method.  We  must  then  calculate 
cos.  h = cos.  x cos.  (c  — n ) 
cos.  If  = cos.  x°  cos.  (c°  — n) 
cos.  If  = cos.  x'  cos.  (c — n ) 

sin.  ( h' — h ) r 

6 sin.  (b'—b°)  * Tp 


p t'(t-It')  cos.  (e° — n)  sin.  b° — cos.  i sin.  (e° — n ) cos.  h°  D, 

J 7 * Tm.  (b'—h°~)  * K 

cos.  y = cos.  x cos.  x'  cos.  ( J — c)  + sin.  x sin.  x'. 

2dly.  We  must  reduce  into  numbers  the  several  coefficients 
of  the  formulas,  viz. 

r°'  = Roi  + 2R°  cos-  cos.  (e°—  c°)  . e x ^ + £a  x £2 
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r*  = R2  + 2R  cos.  x cos.  (<?  — c)  . ^ 4-  f 
?J2=z  R'2  + 2R'  COS.  A ' COS.  (tf7  — c')  . j'  + £72 
V = RR7  cos.  (e7— - e)  4-  R'  cos.  x cos.  (<?7 — r)  . ^ 

4"  R COS.  A7  COS.  (r  — £7)  . £7  + COS.  7 . ()f 

gdly.  We  must  employ  the  same  final  equation  as  in  the 
last  method,  to  determine  g,  upon  which  the  values  of  r,  r'\ 
and  V all  depend. 

Application  to  the  first  Comet  of  1805. 

If  We  turn  to  the  calculation  of  the  orbit  of  this  comet,  by 
the  former  method  it  will  appear  that  the  intersection  of  the 
great  circle  which  passes  through  the  two  extreme  places  of 
the  comet  with  the  ecliptic  is  very  near  the  place  of  the  earth 
at  the  middle  observation ; for  the  distance  of  these  two  points, 
or  the  arc  e° — n , amounts  to  no  more  than  20  2i7  1 6,7-j.  This 
instance  therefore  is  very  near  the  limit  when  the  former 
solution  becomes  indeterminate ; which  takes  place  when  the 
arc  e° — n is  evanescent,  or  when  the  points  abovementioned 
coincide.  In  these  circumstances  we  can  hardly  expect  that 
the  orbit  will  be  determined  with  much  certainty : for,  on  ac- 
count of  the  small  divisor  tan.  ( e° — n),  the  values  of  and 
the  angle  a,  will  suffer  considerable  variations  when  small 
changes  are  made  in  the  observed  places  of  the  comet,  more 
particularly  in  the  mean  place.  This  comet  therefore  furnishes 
a very  proper  example  for  applying  the  method  we  have  just 
investigated. 

Using  the  same  observations  as  in  the  former  calculation, 
we  shall  get, 

log.  # = 9 2341873 

n=  34°  58' 3i"I 
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i ==  28  25  49 
h - --  124  51  1 

h°=  145  29  34 
h'  = 154  o 41 
log.  s = 0-042397 
log.  (3  = 8-457324 
cos.  y = 9-941140 
And  the  principal  formulas  of  the  orbit  will  be 
r°‘=  0-98399  — num.  (0-244576)  . f + num.  (0-084795)  . f 
?'  = num.  (0-079127)  ? + num.  ( 8-457324)  . d.  _ 0-029365 
r2  = 0-988192  — num.  (0-104392)  . f + f? 
f = 0 981987  — num.  (0-226675) . 

V = 0-963404  — num.  (9-683982)  . f 

— num.  (9-967035) . f'+  num.  (9-941140)  ^ 
In  order  to  shorten  calculation,  I shall  assume  o — 0-51 
which  is  very  near  the  true  value,  as  will  appear  from  the 
former  computation  of  this  orbit : then 

10’  — 0-40450  . . . log.  9 6069185 

9-8034592 


log.  r°3  = 9-4103777 

log-  ?'  = 9-841343 

**=0-599714 
r H — 0-294039 
V ==  0*382873 

b2  = r2  -|-  r n — 2V  ==  0*128005 

a2  = sr2  -J-  sr'2  = 1*787506  . . . log.  0*2522476 


log.  a — 0*1261238 


1 + 2 • 


r — ? \ 2 


6* 


+ 71  ■ i?  = r02059 


a QZ 

— -7-  x 1*02059  = — 0*002888. 
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I next  put  f = 0*52  ; then 

r°2  = 0-3994,6  . . . log.  9*6014733 

9*8007366 


log.  r°3  = 9*4022099 
log.  £ = 9 850088 
r2  = 0597298 
r2  = 0-290041 
V = 0*377429 
62  = 0*132481 

a 2 = 1*774678  . . . log.  0*2491196 


log.  a = 0*1245598 


i + i 


r* — r/z 


a 


6* 


"I . — — 1* 

1 12  a1 


02121 


46* 


62 X 1-02121  = -J-  O.OOIO37. 


By  comparing  the  two  errors,  we  shall  get » = 0-5174;  which 
must  be  substituted  ; then 

r*2  = 0-40075  . . . log.  9 6028735 

9-8014367 


log.  r°8  = 9.4043102 

l°g-  ?'  = 9‘84783t 
r 2 = o -597907 
r'2  = 0*291041 
V = 0*378822 
b2  = 0*131304 

a2  = 1*777896  . . . log.  0 2498820 
log.  a = 0*1249410. 

If  we  interpolate  1*02059  ancl  1*02121,  which  correspond 
mdcccxiv.  B b 
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to  the  two  preceding  values  of  we  shall  get  1*0210 6 for  the 
present  value  of  the  same  quantity ; then 

4.6* 

b 2 — — x 1*02106  = 0. 

a 

If  we  calculate  the  orbit  from  the  values  of  ^ , r%  r'2  and  b 2 
that  have  just  been  found,  we  shall  get  the  following  ele- 
ments, viz. 

Log.  of  perihelion  dist.  - £’5749 10 

Time  of  passage,  - Nov.  18-0262 
Inclination  - - 15°55/  47" 

Place  of  the  ascending  node  345  2 8 

Place  of  the  perihelion  - 148  55  7 

These  quantities  come  surprisingly  near  the  corrected  ele- 
ments of  Legendre:  and,  without  further  calculation,  we  may 
presume  that  they  will  represent  even  the  middle  place  of  the 
comet,  Oct.  30th,  within  a minute  of  a degree. 

Although  the  method  of  this  article  has  been  investigated 
for  the  purpose  of  supplying  the  deficiency  of  the  former 
method,  it  is  nevertheless  quite  general,  and  will  apply  in  all 
cases  whatever:  and  perhaps  of  all  the  methods  hitherto  pro- 
posed, this  is  the  one  in  which  the  results  will  be  least  affected 
with  the  errors  of  observation.  Perhaps  too  we  are  warranted 
in  drawing  this  conclusion  from  the  contents  of  the  preceding 
paper,  viz.  that  a first  approximation  to  the  orbit  of  a comet 
may  be  deduced  from  three  geocentric  observations  that  shall 
come  nearer  the  true  elements  than  has  usually  been  thought. 
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XI.  On  the  Affections  of  Light  transmitted  through  crystallized 
Bodies . By  David  Brewster,  LL.D.  F.  R.  S.  Edm.  and 
F.  S.  A.  Edin.  In  a Letter  to  Sir  Humphry  Davy,  LL.D. 
F.  R.  S. 

Read  December  23,  1813. 

Dear  Sir, 

In  a former  paper*  on  “ Some  Properties  of  Light/'  which  I 
took  the  liberty  of  addressing  to  you,  and  which  the  Royal 
Society  honoured  with  a place  in  their  Transactions,  I attempted 
to  give  a brief  abstract  of  a set  of  experiments  on  the  Pro- 
perties of  transparent  Bodies  in  refracting,  dispersing,  and 
polarising  the  rays  of  Light.  An  account  of  the  instruments 
and  methods  employed  in  these  experiments  has  since  that 
time  been  published  in  my  “ Treatise  on  new  philosophical 
Instruments." 

From  the  general  object  of  these  researches,  however,  I have 
been  allured  into  a new  field  of  inquiry,  by  the  discovery  of 
a singular  properly  of  light  transmitted  through  the  agate,  and 
the  prosecution  of  the  views  which  it  suggested  has  led  to 
some  very  extraordinary  results,  which,  while  they  seem  to 
conduct  us  into  the  very  mysteries  of  physical  optics,  exhibit  at 
the  same  time  a series  of  appearances  which  far  surpass,  both  in 
splendour  and  variety,  all  the  phenomena  of  light  under  its  usual 
transformations.  In  again  soliciting  you  to  communicate  these 
observations  to  the  Royal  Society,  I trust  I need  offer  no  apo- 
lcgy.  They  are  closely  allied  with  that  science  which  you 
have  so  widely  extended  by  the  most  profound  and  brilliant 

* Phil.  Trans,  for  the  year  1813,  p.  101. 
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discoveries;  and  it  is  probably  from  the  cultivation  of  this 
department  of  physics,  that  philosophy  will  be  enabled  to  un- 
fold the  secrets  of  double  refraction,  to  explain  the  forms  and 
structure  of  crystallized  bodies,  and  to  develope  the  nature  and 
properties  of  that  ethereal  matter,  which,  while  it  enlivens  all 
nature  by  its  presence,  performs  also  a capital  part  in  the 
operations  of  the  material  world. 

The  different  subjects  of  which  I mean  to  treat  in  the  fol- 
lowing letter  may  be  included  under  five  heads. 

I.  On  the  polarising  power  of  the  agate. 

II.  On  the  structure  of  the  agate  as  connected  with  its  op- 
tical properties. 

III.  On  the  peculiar  colours  exhibited  by  the  agate. 

IV.  On  the  depolarisation  of  light. 

V.  On  the  elliptical  coloured  rings  produced  by  obliquely 
depolarising  crystals. 

I.  On  the  polarising  Power  of  the  Agate. 

I have  already  shewn,  in  a former  paper,  that  a ray  of  light 
transmitted  through  a plate  of  agate  cut  by  planes  perpendi- 
cular to  the  laminae  of  which  it  is  composed,  suffers  polarisa- 
tion like  one  of  the  pencils  formed  by  double  refraction.  If 
the  light  thus  polarised  is  incident  at  a particular  angle  upon 
any  transparent  body,  so  that  the  plane  of  reflection  is  per- 
pendicular to  the  laminae  of  the  agate,  it  will  experience  a total 
refaction  ; if  it  is  transmitted  through  another  plate  of  agate, 
having  its  laminae  at  right  angles  to  those  of  the  plate  by 
which  the  light  is  polarised,  it  will  suffer  total  reflection;  and 
if  it  is  examined  by  a prism  of  Iceland  crystal  turned  round  in 
the  hand  of  the  observer,  it  will  vanish  and  reappear  in  every 
quadrant  of  its  circular  motion. 
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The  pencil  of  rays  to  which  this  remarkable  property  is 
communicated  is  surrounded  by  a large  mass  of  nebulous  light, 
which  extends  about  70  30'  in  length,  and  i3  7'  in  breadth  on 
each  side  of  the  bright  image.*  This  nebulous  light  never 
vanished  with  the  bright  image  which  it  enclosed,  but  was  ob- 
viously affected  with  its  different  changes,  increasing  in  mag- 
nitude as  the  bright  image  diminished,  and  diminishing  as  the 
bright  image  regained  its  lustre.  From  this  circumstance  I 
was  led  to  conjecture  “ that  the  structure  of  the  agate  was  in 
“ a state  of  approach  to  that  particular  kind  of  crystallisation 
“ which  affords  double  images,  and  that  the  nebulous  light  was 
“ an  imperfect  image  arising  from  that  imperfection  of  struc- 
« tare.” 

On  the  supposition  that  this  conjecture  was  well  founded,  I 
imagined,  in  conformity  with  the  general  analogy  of  all  doubly 
refracting  crystals,  that  the  bright  image  and  the  nebulous 
light  were  produced  by  two  different  refractive  powers,  and 
I expected  to  separate  the  one  from  the  other  by  forming  the 
agate  into  a prism  with  a considerable  refracting  angle.  Every 
attempt  of  this  kind,  however,  was  fruitless:  no  perceptible 
separation  of  the  images  was  effected  by  any  of  the  prisms 
which  I employed,  and  I was  therefore  obliged  to  abandon  this 
mode  of  investigation. 

Having  procured  a plate  of  agate  remarkably  thin  and  trans- 
parent, I admitted  a beam  of  light  from  the  sky  into  a dark 


* On  each  side  of  the  bright  image  I have  observed  a condensation  of  the  nebulous 
light  resembling  two  imperfect  images  of  the  luminous  body.  These  imperfect  images, 
which  increase  in  number  by  inclining  the  agate,  are  slightly  tinged  with  the  prismatic 
colours,  which  evidently  belong  to  that  class  of  phenomena  which  have  been  so  ably 
treated  by  Dr.  Thomas  Young,  in  his  late  work  on  Medical  Literature. 
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room  through  a narrow  rectangular  aperture.  When  this 
aperture  was  viewed  through  the  agate,  it  was  surrounded 
with  a very  considerable  nebulosity;  and  by  interposing  a 
prism  of  Iceland  spar  between  the  agate  and  the  eye,  and  giv- 
ing it  a motion  of  rotation,  the  nebulous  light  became  very 
dense  when  the  bright  image  vanished,  and  almost  completely 
disappeared  when  the  bright  image  had  reached  its  greatest 
brilliancy.  The  bright  and  the  nebulous  images,  therefore, 
comported  themselves  exactly  like  the  two  images  formed  by 
doubly  refracting  crystals;  and  the  small  portion  of  nebulous 
light,  which  surrounded  the  bright  image  at  its  maximum 
lustre,  was  obviously  produced  either  by  the  imperfect  polish 
of  the  agate,  or  by  its  not  being  cut  exactly  at  right  angles  to 
the  plane  of  its  laminae. 

It  will  be  seen  from  a subsequent  section  of  this  letter,  that 
light  polarised  by  the  agate,  or  by  any  other  means,  is  depo- 
larised, or  partly  restored  to  its  original  state,  by  being  trans- 
mitted in  a particular  direction  through  a plate  of  mica,  or 
any  other  crystallized  body.  I therefore  interposed  a plate  of 
mica  between  the  agate  and  the  Iceland  spar  when  the  nebu- 
lous light  had  nearly  disappeared,  and  having  adjusted  it  to 
the  depolarising  position,  the  nebulous  light  was  instantly 
revived  round  the  bright  image,  while  the  other  bright  image 
which  had  disappeared  resumed  its  place  in  the  middle  of  the 
other  nebulous  mass. 

When  a pencil  of  light  polarised  and  afterwards  depolarised, 
in  a manner  to  be  afterwards  described,  is  transmitted  through 
a plate  of  agate,  the  red * rays  go  to  the  formation  of  the  bright 

* The  red  and  the  green  are  complementary  to  each  other.  The  same  result  is 
obtained  if  the.  blue  and  yellow,  or  any  other  two  complementary  colours  are  used. 
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image,  while  the  green  rays  compose  the  nebulous  light,  so 
that  we  have  a red  bright  image  enveloped  in  a cloud  of  green 
light.  By  turning  round  the  agate  90°  the  bright  image  is 
formed  by  the  green  rays,  while  the  nebulous  image  consists 
of  the  red  rays,  so  that  we  have  a green  bright  image  encir- 
cled by  a mass  of  nebulous  red  light.  If  in  the  place  of  the 
agate  we  substitute  a doubly  refracting  crystal,  it  will  always 
be  found  that  the  ordinary  image  is  green  when  the  extraor- 
dinary one  is  red,  and  that  they  assume  these  colours  alter- 
nately during  the  motion  of  the  prism  round  the  axis  of  vision. 

From  these  experiments,  we  may  consider  it  as  demon- 
strated, that  the  nebulous  light  has  the  same  relation  to  the 
bright  image,  as  the  first  has  to  the  second  image  of  all  crys- 
tals that  have  the  property  of  double  refraction.*  It  does  not 
appear,  however,  that  the  nebulous  image  is  produced  by  a 
greater  refractive  power  than  that  by  which  the  bright  image 
is  formed.  There  is  on  the  contrary  every  reason  to  conclude, 
in  opposition  to  the  analogy  of  all  doubly  refracting^  crystals, 
that  the  agate  gives  two  images  and  polarises  them  like  other 
crystallized  bodies,  while  the  one  image  is  placed  exactly  in 
the  centre  of  the  other. 

II.  On  the  Structure  of  the  Agate  as  connected  with  its  optical 

properties. 

When  we  examine  a piece  of  transparent  and  well  polished 
agate,  we  perceive  a number  of  bands  or  stripes,  which  are 

* See  Edinburgh  Trans.  Vol.  VIT.  Part  II. 

f It  will  be  seen  from  a subsequent  paper,  that  many  other  bodies  both  of  mineral, 
animal,  and  vegetable  origin  have  the  property  of  forming  two  images  polarised  in  an 
opposite  manner,  but  not  produced  by  two  different  refractive  powers. 
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the  sections  of  a succession  of  laminae  that  are  sometimes 
parallel,  but  in  general  concentric.  These  laminae  are  often  of 
a milky  white  colour  when  seen  by  reflected  light,  and  some- 
times nearly  as  transparent  and  colourless  as  glass,  and  the 
white  laminae  commonly  alternate  with  the  transparent  ones. 
The  laminae  which  are  white  when  seen  by  reflected  light,  are 
brown  by  transmitted  light,  and  the  intensity  of  this  brown 
colour  increases  with  the  thickness  of  the  plate  of  agate.  The 
transparent  laminae  exhibit  three  varieties  of  structure. 

Th e first  variety , which  appears  to  be  the  coarsest,  consists 
of  a number  of  small  serpentine  lines  like  the  figures  333333, 
lying  parallel  to  each  other,  and  closely  resembling  the  sur- 
face of  standing  water  when  ruffled  by  a gentle  breeze,  or 
the  sandy  bottom  of  a slow  moving  stream.  These  serpentine 
lines  are  always  arranged  in  a direction  parallel  to  the  laminae, 
and  are  seen  very  distinctly  even  when  the  agate  is  so  thin  as 
the  150th  part  of  an  inch. 

The  second  variety  of  structure  differs  from  the  first,  only 
in  the  serpentine  lines  having  a much  smaller  size;  and  the 
laminae  which  have  this  structure  appear  the  finest  and  most 
transparent. 

The  third  variety  has  no  serpentine  lines,  and  does  not  ap- 
pear to  differ  from  other  semi-transparent  bodies.  It  admits 
the  light  more  copiously  in  all  directions  than  any  of  the  other 
structures,  and  as  it  does  not  polarise  it  in  a similar  manner, 
we  may  consider  it  as  possessing,  in  a different  way,  that 
kind  of  crystallisation  which  polarises  the  incident  light  by 
separating  it  into  two  pencils. 

The  white  veins  sometimes  exhibit  the  first  variety  of  struc- 
ture, but  in  several  specimens  the  veins  appear  to  be  fibrous 
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in  their  structure,  the  fibres  stretching  at  right  angles  to  the 
laminae  through  the  whole  of  their  thickness. 

These  different  structures  will  be  better  understood  from 
fig.  1 and  2 of  Plate  V.  Fig.  1,  represents  the  specimen  of 
agate  with  incurvated  veins  which  I have  noticed  in  a former 
paper.*  It  is  composed  of  two  veins,  AB,  CD,  and  three  trans- 
parent portions  AEB,  ABDC,  and  CFD.  The  transparent 
portions  exhibit  the  second  variety  of  structure,  though  the 
small  serpentine  lines  are  not  so  distinctly  marked  as  in  other 
specimens.  The  two  veins  AB,  CD,  are  both  white  when  seen 
by  reflected  light.  The  breadth  of  AB  is  one-tenth  of  an 
inch  and  its  radius  of  curvature  1 ^ inch,  and  it  consists  of  four 
smaller  veins  mn,  op , qr,  zvx.  The  light  reflected  by  mn  is  a paler 
white,  and  the  light  transmitted  by  it  a lighter  brown  than  in 
the  other  parts  of  the  vein.  The  light  which  op  reflects  is  of 
a brighter  white,  and  that  which  it  transmits  of  a deeper  brown 
than  in  the  other  parts  of  the  vein,  and  at  the  junction  of  mn 
and  op  there  are  several  tufts  of  fibres  of  the  same  character 
as  op.  The  other  divisions  of  the  vein  qr  and  wx  are  of  an 
intermediate  character  between  mn  and  op.  The  vein  CD  re- 
sembles the  division  mn,  and  possesses,  like  AB,  the  fibrous 
structure  already  described.  The  thickness  of  the  plate  AEDC 
is  one- fiftieth  part  of  an  inch  ; AC  is  three-tenths  of  an  inch  ; 
and  a line  AC  forms  an  angle  of  about  250  with  a plane  per- 
pendicular to  the  laminae. 

Figure  2,  represents  another  specimen  of  agate  of  a different 
character.  It  consists  of  transparent  portions  AB,  BC,  CD, 
DE,  EF,  separated  from  each  other  by  white  veins  Bh,  Cc,  &c. 
and  distinctly  exhibiting  the  second  variety  of  structure;  and 

* See  Phil.  Trans.  1813,  Part  I. 
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of  other  transparent  portions  FG,  GH,  HI,  IK,  KL,  separated 
by  similar  veins  Gg,  Hh,  &c.  but  exhibiting  the  first  variety  of 
structure.  All  the  veins  possess  a structure  approaching  to 
that  of  the  first  variety,  Gg,  Kk  exceeding  the  rest  in  the  in- 
tensity of  the  light  which  they  reflect  and  transmit. 

If  we  measure  the  quantity  of  light  transmitted  through  a 
plate  of  agate  containing  veins,  it  will  be  found  to  be  a maxi- 
mum when  the  direction  of  the  incident  rays  is  parallel  to  the 
interior  surfaces  of  the  veins.  When  the  light,  however,  is 
transmitted  through  a part  of  the  agate  of  an  uniform  trans- 
parency, and  perfectly  free  from  veins,  the  same  result  will 
be  obtained,  the  intensity  of  the  light  being  a maximum  when 
its  direction  is  parallel  to  that  of  the  laminae. 

If  AB,  fig.  3,  be  a section  of  the  specimen  of  agate  repre- 
sented in  fig.  1,  and  mn,  op,  the  direction  of  the  laminae  inclined 
250  to  the  surfaces  of  the  plate,  rays  of  light  incident  in  the 
direction  RS  parallel  to  mn  are  more  copiously  transmitted 
than  when  they  are  incident  in  any  other  direction.  When  the 
pencil  of  light  falls  in  the  direction  TV,  its  lustre  suffers  a 
great  diminution  : the  light  gradually  assumes  a red  colour, 
and  vanishes  altogether  when  the  obliquity  is  considerable. 
But  if  the  pencil  is  incident  at  the  same  angle  on  the  opposite 
side,  as  PQ,  its  lustre  suffers  very  li  lie  diminution,  and  its 
colour  is  not  sensibly  altered. 

These  facts  admit,  to  a certain  extent,  of  an  easy  explana- 
tion if  we  suppose  that  the  plate  of  agate  consists  of  laminae 
mn,  op  imperfectly  transparent,  alternating  with  laminae  cd,  ef9 
which  are  more  pervious  to  light,  a structure  which  is  indicated 
by  the  existence  of  a bright  and  a nebulous  image.  In  this 
case  the  intensity  of  the  light  will  obviously  be  a maximum 
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when  the  ray  RS  is  parallel  to  mn , and  a ray  PQ  will,  within 
certain  limits,  suffer  less  diminution  of  lustre  than  a ray  TV 
falling  with  the  same  angle  of  incidence  on  the  other  side 
of  RS. 

When  RS  and  mn  are  perpendicular  to  the  surfaces  of  AB, 
and  when  PQ  and  TV  form  equai  angles  with  the  perpendi- 
cular RS,  their  intensity  should  be  equal ; but  this  is  by  no 
means  the  case,  for  the  transmitted  light  which  is  incident  on 
the  side  T of  RS  appears  to  have  a different  character  from 
that  which  is  incident  on  the  other  side.  We  must  therefore 
suppose  that  there  is  some  other  peculiarity  of  structure  in  the 
agate,  connected  probably  with  that  particular  kind  of  crys- 
tallisation which  polarises  light,  to  which  this  curious  fact 
must  be  ascribed.* 

The  intensity  of  the  light  transmitted  by  the  agate  is  like- 
wise affected  by  its  polarising  property.  If  a ray  Rr,  Plate  V., 
fig.  4,  is  incident  upon  a piece  of  agate  AB,  so  as  to  be  polarised 
by  reflection  from  the  second  surface,  then,  since  it  is  polarised 
during  its  passage  from  r to  E,  the  bright  image  will  suffer 
total  reflection  at  E,  while  the  nebulous  image  will  be  trans- 
mitted like  common  light  in  the  direction  EG.  If  the  agate  is 
now  turned  round  90°  the  nebulous  image  will  suffer  total 
reflection  at  E,  while  the  bright  image  will  penetrate  the  se- 
cond surface  at  E like  common  light.  When  the  incident  ray 
Rr  has  different  obliquities  and  the  agate  intermediate  posi- 
tions, the  intensity  of  the  transmitted  light  will  be  more  or 
less  affected  by  its  polarising  power. 

The  preceding  observations  on  the  laminated  structure  of 

* See  Edinburgh  Transactions,  Vol.  VII.  Part  II. 
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the  agate  enable  us  to  give  a satisfactory  explanation  of  so  m 
singular  appearances  exhibited  by  that  mineral. 

In  the  specimen  shewn  in  Plate  V.,  fig.  5,  the  black  lines 
represent  the  veins,  and  consequently  the  direction  of  the 
laminae,  and  the  dotted  lines  ab , ac,  cm , ck,  See.  are  drawn 
through  the  vertices  of  the  angles  made  by  the  veins ; and 
consequently  by  the  laminae  whenever  they  change  their  direc- 
tion. When  light  is  transmitted  through  a piece  of  agate  of 
this  description,  the  planes  A acm,  mck , ngj , nhg  have  the  appear- 
ance of  being  differently  inclined  to  one  another,  and  transmit 
different  quantities  of  light.  If  the  veins  and  the  laminae  pre- 
served the  same  inclination  to  the  surface  of  the  plate  of  agate 
when  they  changed  their  direction  at  the  lines  ac , cm,  de,  the 
phenomenon  which  has  been  mentioned  could  not  take  place; 
but  whenever  the  laminae  change  their  diiection,  their  inclina- 
tion to  the  surface  likewise  changes,  and  therefore  the  inten- 
sity of  the  transmitted  light  experiences  a corresponding 
variation  as  the  rays  have  to  traverse  different  lengths  of  the 
imperfectly  transparent  laminae. 

When  the  veins  and  the  laminae  are  incurvated  like  those 
in  the  portion  A acm,  their  inclination  likewise  changes,  but  as 
this  change  is  gradual  and  not  sudden,  as  in  the  former  case, 
the  intensity  of  the  transmitted  light  suffers  a gradual  variation, 
and  the  portion  A acm  has  the  appearance  of  being  concave. 
When  the  laminae  therefore  are  arranged  in  a circular  form, 
they  will  resemble  a number  of  dimples,  the  apparent  con- 
cavity of  which  will  in  some  cases  depend  on  the  curvature 
of  the  laminae,  and  will  exhibit  the  phenomenon  of  the  ham- 
mered agate . 
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III.  On  the  peculiar  Colours  exhibited  by  the  Agate. 

In  my  former  letter  on  the  polarising  power  of  the  agate,  I 
noticed  the  existence  of  a coloured  image  which  appeared  on 
each  side  of  the  common  colourless  image,  and  which  was 
polarised  in  a similar  manner.  I have  since  observed  the  same 
phenomenon  in  other  specimens,  and  though  I have  not  been 
able  to  discover  its  cause,  I ti  ust  the  following  observations 
will  be  of  some  service  to  future  inquirers. 

In  the  specimen  represented,  in  Plate  V.,  fig.  2,  the  colours 
appear  only  when  the  rays  of  light  are  transmitted  through 
the  veins  B,  C,  D,  E,  F,  G,  H,  I,  K,  or  through  the  coarse 
grained  portions  Fg,  Gh,  H/,  Ik,  KkL,  and  when  these  parts 
are  covered,  no  colour  is  perceived.  If  the  eye,  therefore,  is 
placed  behind  any  of  the  coarse  grained  parts,  and  close  to  the 
agate,  a colourless  image  of  a candle  will  be  visible,  and  on 
each  side  of  it  a highly  coloured  image  forming  an  angle  of 
io°^  with  the  colourless  image.  The  colours,  which  are  ex- 
tremely brilliant,  are  blue,  green,  yellow,  and  red,  reckoning 
from  the  common  image.  A second  image  coloured  in  a 
similar  manner,  but  considerably  fainter,  is  distinctly  seen 
forming  with  the  colourless  image  an  angle  of  about  210. 
When  the  agate  is  held  some  inches  distant  from  the  eye, 
the  colours  appear  diffused  over  the  sur.'ace  of  the  coarse 
grained  portions,  and  when  the  light  is  strong,  the  phenomenon 
is  uncommonly  brilliant.  When  the  vein  Bb  is  a pale  blue, 
at  a certain  distance  from  the  eye,  C c and  Dd  are  of  the  same 
colour,  is  greenish,  Fj  is  yellowish,  FGg/is  pale  red,  and 
the  red  colour  is  more  intense  towards  Lk.  By  a gentle  mo- 
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tion  of  the  agate  the  colours  of  these  portions  instantly  change, 
a particular  colour  being  always  produced  in  the  same  por- 
tions at  a particular  angle  of  incidence.  The  veins  Gg,  Hh, 
If,  and  Kh  are,  however,  green  when  the  surrounding  portions 
are  red,  and  red  when  the  surrounding  portions  are  green, 
from  which  it  follows  that  these  veins  produce  a particular 
colour  at  a different  angle  of  incidence  from  the  adjacent  por- 
tions. In  another  specimen  of  agate,  very  like  the  preceding, 
the  same  phenomena  are  distinctly  visible,  and  the  coloured 
image  forms  the  same  angle  with  the  common  image.  In  a 
third  specimen,  belonging  to  Robert  Ferguson,  Esq.  of  Raith, 
the  colours  are  exhibited  in  the  most  splendid  manner.  A 
semitransparent  and  irregularly  elliptical  zone,  about  six  and  a 
half  inches  in  circumference  and  three  tenths  of  an  inch  broad, 
has  the  first  variety  of  structure,  and  forms  the  coloured  image 
at  a distance  of  i3-§-°  from  the  common  image. 

In  the  specimen  represented  in  Plate  V.,  fig  1,  the  colours 
are  visible  only  in  the  vein  AB ; but  here  the  angle  of  the 
first  coloured  image  with  the  common  image  is  28s,  while 
that  of  the  second  image,  which  is  very  faint,  is  only  a little 
greater.  The  other  vein  CD,  which  to  all  appearance  has 
the  same  structure  as  AB,  and  which  differs  from  it  only 
in  being  a little  thinner,  exhibits  no  colours ; but  there  is  a 
small  stripe  st  at  its  edge  where  the  colours  are  very  dis- 
tinct. This  circumstance  induced  me  to  think  that  the  colours 
depended  on  the  thickness  of  the  plate,  as  well  as  upon 
its  structure ; but  upon  grinding  a hollow  place  mvw  in  the 
vein  AB,  so  as  to  make  the  agate  remarkably  thin,  I found 
that  it  gave  the  same  colours  as  before.  A similar  experi- 
ment was  made  with  another  piece  of  agate,  and  the  result 


transmitted  through  crystallized  Bodies.  igg 

was  the  same,  though  the  thickness  of  the  plate  could  not 
exceed  the  400: h part  of  an  inch.  The  colours  indeed  were 
rendered  more  brilliant  by  the  increased  transparency  of  the 
agate,  but  in  other  respects  they  experienced  no  change.  In 
another  specimen,  of  which  it  is  unnecessary  to  give  a parti- 
cular description,  the  coloured  image  formed  an  angle  of  about 
340  with  the  colourless  pencil,  and  the  different  veins  produced 
the  same  colour  at  different  angles  of  incidence. 

In  attempting  to  explain  these  appearances,  I at  first  ima- 
gined that  the  colours  arose  from  the  polarisation  of  the  trans- 
mitted rays,  and  that  they  were  analogous  to  the  colours  of 
plates  of  mica  and  topaz  which  I have  described  in  another 
place.  I found,  however,  from  several  experiments,  that  the 
coloured  image  is  equally  distinct  in  every  position  of  the 
agate;  that  it  is  alike  produced  by  polarised  or  depolarised 
light,  and  that  it  suffers  no  change  either  when  examined  by 
a plate  of  agate  or  by  a doubly  refracting  crystal. 

The  phenomenon  which  we  have  described  must  therefore 
be  considered  as  a new  case  of  the  production  of  colour,  and 
though  we  do  not  pretend  to  point  out  its  cause,  yet  it  obvi- 
ously depends  upon  a particular  structure  which  is  possessed 
only  by  some  portions  of  the  agate,  and  admits  of  such  varia- 
tions as  to  produce  the  same  colours  at  different  angles  of 
incidence. 


IV.  On  the  depolarisation  of  Light . 

In  the  fourth  book  of  my  Treatise  on  new  Philosophical 
Instruments,  1 have  already  shewn  that  almost  ail  transparent 
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crystals  possess  in  two  positions  the  singular  faculty  of  depo- 
larising light,  or  of  depriving  it  of  the  property  which  it  ac- 
quires by  transmission  through  the  agate,  while  in  other  two 
positions  of  the  depolarising  crystal,  the  polarity  of  the  light 
suffers  no  change.  Thus  in  Plate  V.,  fig.  5,  let  ABDC,  he  a 
piece  of  mica  or  of  any  other  crystallized  body  interposed 
between  a plate  of  agate  and  a prism  of  Iceland  spar  when 
one  of  the  images  has  vanished,  and  let  GH  be  parallel  or  per- 
pendicular to  the  laminae  of  the  agate  when  the  vanished  image 
continues  invisible.  This  line  I have  called  the  neutral  axis , as 
no  effect  is  here  produced  upon  the  polarised  light.  By  turning 
the  mica  round,  the  vanished  image  will  gradually  appear? 
and  when  the  line  AD  comes  into  a vertical  position,  it  will 
be  restored  to  its  full  lustre,  and  will  never  again  vanish  what- 
ever be  the  position  of  the  Iceland  spar.  The  line  AD  I have 
therefore  called  the  depolarising  axis,  as  the  light  in  passing 
through  it  has  been  deprived  of  the  polarity  communicated 
by  the  agate,  and  which  prevented  it  from  penetrating  the 
rhomboid  of  Iceland  spar. 

By  continuing  the  motion  of  the  mica,  it  will  be  found  that 
EF  is  also  a neutral  axis,  and  BC  a depolarising  axis.  The 
depolarising  axes  are  common  to  almost  all  crystallized  sub- 
stances, and  what  is  very  singular,  I have  discovered  them 
in  horn,  gum  Arabic,  glue,  tortoise-shell,  caoutchouc,  gold 
beater's  skin,  amber,  mother  of  pearl,  camphor,  spermaceti 
melted  and  cooled,  bees'  wax  melted  and  cooled,  adipocire 
melted  and  cooled,  manna,  oil  of  mace,  acetate  of  lead  melted 
and  cooled,  human  hair,  bristles  of  a sow,  human  cornea, 
cornea  of  a fish,  cornea  of  a cow,  and  imperfectly  in  some 
pieces  of  plate  glass. 
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Plates  of  mica,  however,  while  they  possess  the  properties 
of  all  depolarising  crystals,  exhibit  phenomena  peculiar  to 
themselves.  If  the  neutral  axis  GH  of  a plate  of  mica  is 
inclined  forwards  so  as  to  make  a considerable  angle  with 
the  horizon,  the  image  that  was  formerly  invisible  will 
start  into  existence,  and  therefore  the  neutral  axis  GH  is 
accompanied  with  an  oblique  depolarising  axis  N/z.  This 
oblique  axis  is  also  possessed  by  topaz,  rock  crystal,  and 
many  other  crystallized  bodies.  In  making  the  same  ex- 
periment with  the  depolarising  axis  of  the  mica,  I observed 
the  image  to  vanish  in  the  direction  M m and  P p,  which  I con- 
sidered as  oblique  neutral  axes,  but  I have  since  found  that 
this  was  owing  to  the  polarisation  of  the  pencil  by  oblique 
transmission,  a property  of  light  which  I had  not  then  disco- 
vered. 

We  have  hitherto  considered  the  depolarisation  of  light  as 
effected  by  two  separate  bodies,  one  of  which  polarises  the 
incident  rays,  while  the  other  deprives  them  of  the  polarity 
which  they  have  thus  acquired ; but  in  all  bodies  that  possess 
oblique  depolarising  axes,  light  may  be  polarised  and  depo- 
larised by  the  same  crystal.  Thus  if  AB ah,  Plate  V.,  fig.  7, 
be  a plate  of  topaz  having  DE  for  its  oblique  depolarising  axis, 
and  if  a ray  RR'  of  common  light  is  incident  at  R'  with  such 
an  obliquity  that  it  is  polarised  by  being  reflected  at  C from 
the  posterior  surface  ab,  then  the  ray  rr1  will  be  depolarised  in 
its  passage  from  C to  r along  the  oblique  axis  of  depolarisa- 
tion, and  the  emergent  ray  rr1  will  be  depolarised  light.  Hence 
it  follows  that  the  angle  DC6,  which  the  oblique  depolarising 
axis  makes  with  the  posterior  surface  ab,  is  nearly  equal  to  the 
mdcccxiv.  D d 
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complement  of  the  angle  OCr,  at  which  light  is  polarised  by 
reflection  at  C.* 

V.  On  the  elliptical  coloured  rings  produced  by  depolarising 

Crystals. 

In  a former  work,  to  which  I have  already  had  occasion  to 
refer,  I have  given  some  account  of  the  colours  which  accom- 
pany the  depolarisation  cf  light,  and  I have  particularly  noticed 
the  remarkable  fact,  that  when  a beam  of  white  depolarised 
light  is  transmitted  through  a doubly  refracting  crystal,  the 
red  rays  go  to  the  formation  of  one  image,  while  the  bluish 
green  rays  go  to  the  formation  of  the  other  image.  In  re- 
peating and  extending  these  experiments,  I have  been  led  into 
a new  field  of  inquiry  which  has  already  afforded  a series  of 
instructive  results  deduced  from  a class  of  phenomena  un- 
questionably the  most  brilliant  within  the  whole  range  of 
optics. 

The  plate  of  topaz  which  was  used  in  these  experiments,  is 

* Since  the  preceding  section  was  written,  I have  performed  a very  extensive  series 
of  experiments  on  the  depolarisation  of  light,  and  have  thus  been  led  to  a satisfactory 
generalisation  of  the  phenomena.  In  this  theory  the  phenomena  are  referred  to  the 
general  principle  of  polarisation  : such  bodies  as  have  neutral  and  depolarising  axes 
are  supposed  to  form  two  images  polarised  in  an  opposite  manner,  and  either  pro- 
duced by  the  same  or  by  different  refractive  powers ; while  those  which  depolarise 
light  in  every  direction,  like  gum  Arabic,  caoutchouc,  &c.  are  composed  of  films  or 
lasers,  each  of  which  is  a doubly  polarising  crystal,  the  neutral  and  the  depolarising 
axes  of  one  film  not  being  coincident  with  the  neutral  and  depolarising  axes  of  the 
rest.  In  a separate  memoir,  which  I have  drawn  up  for  the  consideration  of  the  Royal 
Society,  1 have  given  a full  account  of  this  theory,  of  the  experiments  on  which  it  is 
founded,  and  of  the  new  views  to  which  it  leads  respecting  the  formation  and  struc- 
ture of  organised  matter. 
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about  7^^  of  an  inch  thick,  and  has  two  natural  faces  which 
are  parallel  and  highly  polished.  Its  refractive  power  is  1.636 ; 
its  dispersive  power  0.024,  anc^  the  angle  at  which  it  polarises 
light  by  reflection  58°  8'.  It  is  represented  in  section  by  ABtffr, 
in  Plate  V.,  fig.  8,  DE  being  one  of  its  depolarising  axes.  If 
a beam  of  common  light  RR/  is  now  incident  on  the  anterior 
surface  A B at  an  angle  of  about  6o°  38',  a part  of  the  beam 
will  penetrate  the  topaz  at  R,  and  after  reaching  the  posterior 
surface  ab,  it  will  be  partly  transmitted  at  C in  the  direction 
CF,  and  partly  reflected  in  the  direction  Cr,  so  as  to  depart 
from  the  point  C almost  wholly  polarised  by  reflection;  but 
in  its  passage  from  C to  r along  the  oblique  depolarising  axis 
of  the  crystal,  it  is  depolarised  and  emerges  at  r,  in  the  direc- 
tion rr'  deprived  of  the  polarity  which  it  had  acquired  by  re- 
flection at  C.  If  the  observer  now  looks  into  the  topaz  in  the 
direction  r'r,  through  a plate  of  agate  having  its  laminae 
perpendicular  to  the  plane  of  the  section  AB ba,  he  will  per- 
ceive about  ten  brilliantly  coloured  elliptical  rings,  four  of 
which,  with  the  two  central  spots,  are  shewn  in  Plate  VI., 
fig.  1.* 

The  following  measures  will  convey  a correct  idea  of  their 
form  and  magnitude. 

Breadth  of  the  central  spots  including  half  the  black 

space  between  them  - - - i°5i/ 

Distance  of  the  outsides  of  the  central  spots  - 3 42 

Transverse  length  of  each  central  spot  - “57 

Extreme  conjugate  diameter  of first  red  ring  - 7 24 

* I have  counted  fourteen  of  these  rings  when  the  light  was  polarised  by  oblique 
transmission  through  a plate  of  mica  0.127th  of  an  inch  thick.  The  colours  are  itt 
this  case  much  more  distinct. 
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Extreme  conjugate 

diameter  of  second  red  ring 

- 11 ° 6’ 

Ditto 

third 

14  4$ 

Ditto 

fourth 

18  30 

Ditto 

fifth 

22  12 

Ditto 

sixth 

- 25  54 

Ditto 

seventh  - 

- 2 9 36 

Ditto 

eighth 

33  18 

Ditto 

ninth 

- 37  ° 

Ditto 

tenth 

% 

4°  42 

Black  space  between  the  oval  centres  - 

14  i 

In  order  to  convey  a correct  notion  of  the  different  colours 
which  compose  the  elliptical  rings,  and  which  vary  in  different 
parts  of  the  same  ring,  I have  given  in  Plate  VII.,  fig.  1,  an 
outline  of  the  first  six  rings  with  references  to  the  following 
table,  which  contains  the  colours  in  five  different  parts  of  the 
semicircumference  of  each  ring. 


O 

cx 


a 

u 

4-* 

c 

<u 

o 

> 

o 


I. 


2. 


Ih 

<u 

T3 


Light  blue  with  a purplish  tinge 
fading  into  white  above,  and  gra- 
dually deepening  into  black  below. 
White  fading  into  yellow  above, 
and  light  blue  below. 

Yellow  shading  off  into  white  be- 
low, and  red  above. 

Red,  with  a pink  tinge,  and  sha- 
ding into  yellow  below. 

f 5.  Black  fading  into  light  blue  to- 
wards 6. 

6.  Light  blue  fading  into  green. 
Yellow  shading  into  red. 

[_8.  Deep  crimson. 


1‘: 


^ f 9.  Blue,  very  little. 

-o  | 10.  Green,  very  little,  the  green  be- 
Q ginning  a little  below. 

. j 11.  Yellow  shading  into  red. 

K ^12.  Crimson. 


*g  I *3- 
14. 


Light  blue,  very  little. 
Green,  very  broad. 
Crimson  fainter  than  12. 


16.  Green,  very  broad. 

1 7.  Faint  blue. 

18.  Faint  crimson. 


-g  15-  Very  faint  blue. 

O ‘ 20.  Very  faint  crimson. 

> l 


■2  I 

*-i  I 

> L 


21.  Still  fainter  blue. 

22.  Still  fainter  crimson. 


Order.  V.  Order.  IV.  Ord.  III.  Ord.  II.  Order.  I.  Order.  < V.  Order.  IV.  Ord.  III.  Ord.  II.  Order.  I.  Order. 
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j*  23.  Black  shading  off  into  light  blue, 
j 24.  Dark  green. 

. 25  Yel-ow. 

\ 26.  Deep  crimson. 

27.  Blue. 

< 28.  Green. 

29.  Crimson. 

k 

\ 30.  Bluish  green. 

| 31.  Crimson. 

32.  Very  faint  blue.  Green  begins 

< here. 

33.  Very  faint  pink. 

- 

34.  Still  fainter  blue. 

35.  Still  tainter  crimson. 


U 

o 


o 


35- 


37- 

38- 

39- 


Black  mixed  with  a little  green. 
Ditio. 

Ditto. 

Dark  green,  a little  yellow  on  its 
upper  side. 

Red,  pinkish,  not  very  bright. 

Darkish  green. 

Faint  crimson. 


Green. 

Blue,  very  little. 
Faint  crimson. 


Faint  blue. 
Faint  crimson. 


All  the  other  fringes,  without  this,  consist  of  blue  and  pink, 
rhich  grow  fainter  as  they  recede  from  the  centre. 


fa  Black. 

I b Dark  blue  approaching  to  black. 
^ c Light  blue  shading  to  black. 

| d Whitish. 

C*  Reddish  brown  of  an  orange  cast. 

' f Very  dark  blue. 
g Light  blue. 
b Yellowish. 

„ i Pink. 

( * 

k Light  blue. 

. / Yellowish  green, 
m Faint  pink. 


n Green,  blue  begins  here  and  runs 
downward. 

0 Pink. 


p Faint  blue,  green  begins  here  and 
. runs  downward. 
q Pink. 


" r Black. 

s Faint  blue  shading  into  whitish. 

' t Whitish  shading  into  faint  brown. 
^ u Faint  reddish  brown. 


Black. 

Dark  blue  shading  into  light  blue. 
Brownish  yellow. 

Dark  pink,  with  a brown  tinge. 

Pale  blue  shading  into  greenish 
yellow. 

Greenish  yellow. 

Pink. 


Blue,  not  much. 
Green. 

Pink. 


-2  e 


Green. 
Light  blue. 
Faint  pink. 


Faint  blue. 
Faint  pink. 
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If  the  plate  of  agate  is  now  turned  round  90°,  so  that  its 
laminas  are  parallel  to  the  plane  of  the  section  AB ab,  a second 
set  of  elliptical  rings  will  be  seen  as  represented  in  Plate 
VI.,  fig.  2,  which  is  on  the  same  scale  as  fig.  1,  and  which 
contains  only  the  four  first  orders  of  colours,  and  the  central 
spots.  This  new  set  of  rings  is  composed  of  colours  which 
are  complementary  to  those  in  the  first  set.  By  measuring  the 
diameters  of  the  red  rings  in  the  second  set , it  will  be  found 
that  they  correspond  with  those  of  the  green  rings  in  the  first 
set;  the  blue  rings  correspond  w'ith  the  yellow ; the  green  with 
the  red;  and  the  yellow  with  the  blue;  and  in  the  outer  rings 
the  blue  with  the  pink,  and  the  pink  with  the  blue.  The  central 
spots  in  the  second  set  exhibit  the  same  opposition  of  colours 
to  those  in  the  first  set;  but  they  are  smaller,  and  placed  at  a 
greater  distance ; and  the  space  around  them  which  was  for- 
merly black  is  now  white. 

If  instead  of  a plate  of  agate  we  employ  a doubly  refracting 
crystal,  the  first  set  of  rings  will,  in  one  position  of  the  crystal, 
be  seen  in  the  first  image;  and  upon  turning  the  crystal  about 
its  axis,  the  first  set  will  occupy  the  second  image,  and  the 
second  set  the  first  image,  an  alternation  taking  place  in  every 
quadrant  of  the  motion  of  the  crystal.  This  method  of  view- 
ing the  rings  is  in  some  respects  superior  to  that  in  which  the 
agate  is  used,  as  the  nebulous  image  formed  by  this  mineral 
injures,  in  some  degree,  the  distinctness  of  the  image;  but  on 
the  other  hand,  the  doubly  refracting  crystal  requires  to  be  cut 
into  a prism  with  a large  angle,  in  order  to  separate  the  two 
images  which  it  forms,  and  therefore  it  alters  the  shape  of  the 
rings,  and  produces  a complete  change  upon  their  colours.* 

* Since  this  paper  was  written,  I have  discovered  a new  property  of  light  in  virtue 
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If  the  emergent  rays  rr\  instead  of  being  transmitted  through 
agate  or  Iceland  spar,  are  reflected  at  the  polarising  angle 
from  any  transparent  body  having  its  reflecting  surface  pa- 
rallel to  the  plane  of  the  section  AELfr,  they  will  exhibit  the 
first  set  of  rings ; but  if  the  reflecting  surface  is  perpendicular 
to  the  plane  of  the  section,  the  second  set  of  rings  will  be  visible. 
When  the  first  set , thus  seen  by  reflection,  is  examined  through 
a prism  of  Iceland  spar,  it  suffers  no  change  either  in  the  first 
or  second  image. 

In  these  experiments  the  first  set  of  rings  is  extremely  dis- 
tinct, as  the  polarising  crystal  extinguishes  the  light  RS  re- 
flected from  the  first  surface  of  the  topaz ; but  the  second  set 
of  rings  is  very  faint,  as  the  light  RS  is  not  extinguished  by 
the  polarising  body. 

When  we  examine  the  transmitted  light  CF,  either  with 
the  naked  eye  or  with  polarising  crystals,  no  coloured  fringes 
are  visible. 

Such  are  the  modifications  which  common  light  undergoes 
in  its  passage  through  topaz.  The  affections  of  polarised  light , 
which  now  come  under  consideration,  are  still  more  varied  and 
interesting.  In  my  first  experiments  on  this  subject,  I pola- 
rised the  light  by  transmitting  it  through  the  agate ; but  I 
afterwards  found  it  most  convenient  to  communicate  this  pro- 
perty by  reflection  from  the  surface  of  a transparent  body. 

Let  RR',  Plate  V.,  fig.  9,  be  a beam  of  polarised  light  ob- 
tained by  reflection  from  any  transparent  body  GH,  the  plane 

of  which  it  is  polarised  by  oblique  transmission  through  transparent  bodies.  Hence, 
in  all  my  experiments  on  the  coloured  rings,  I find  it  of  incalculable  advantage  to 
polarise  the  light  by  bundles  of  glass  plates,  and  to  use  them  in  every  case  where  1 
formerly  employed  agate  or  calcareous  spar. 
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of  reflection  from  GH  being  perpendicular  to  the  plane  of 
reflection  from  the  topaz  AB.  A part  of  this  beam  will  be 
reflected  at  C in  the  direction  Cr,  and  part  of  it  transmitted  at 
C in  the  direction  CF,  no  light  being  reflected  from  the  first 
surface  AB.  The  rays  transmitted  at  C having  been  polarised 
before  their  incidence  at  R'  are  depolarised  in  passing  from 
R'  to  C along  the  oblique  depolarising  axis,  and  the  rays  re- 
flected at  C are  polarised  by  reflection  from  the  surface  ab , 
and  again  depolarised  in  their  passage  from  C to  r along  the 
other  oblique  depolarising  axis. 

If  the  observer  now  looks  into  the  topaz  in  the  direction  ;r', 
he  will  perceive  the  first  set  of  elliptical  coloured  rings,  as  re- 
presented in  Plate  VI.,  fig.  1.  These  rings  are  now  peculiarly 
distinct  and  brilliant,  and  it  was  therefore  from  them  that  I 
drew  up  the  table  of  colours  referred  to  from  Plate  VII.,  fig.  1. 

Let  the  ray  rr'  be  now  received  upon  a plate  of  agate  hav- 
ing its  laminae  perpendicular  to  the  section  AB  ab,  and  a third 
set  of  rings  will  be  seen  like  those  in  Plate  VI.,  fig.  3.  This 
third  set  differs  from  the  first  set  only  in  the  central  parts. 
All  the  rings  have  the  same  colours  in  both,  but  the  central 
spots  are  much  smaller  in  the  third  set  than  in  the  first,  and 
the  mass  of  darkness  with  which  they  are  surrounded  en- 
croaches considerably  upon  the  blue  part  of  the  first  ring. 

In  the  third  set  of  rings  the  distance  of  the  outsides 

of  the  two  central  spots  is  "3°  3f 

Conjugate  diameter  of  each  spot  - 3.  j 

Ditto  of  the  black  space  between  the 

spots  - - - -10 

The  third  set , indeed,  may  be  considered  as  the  exact  coun- 
terpart of  the  second  set,  all  the  colours  of  the  former  bein«' 
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complementary  to  those  of  the  latter,  and  the  central  spots 
having  the  same  form  and  magnitude. 

If  the  plate  of  agate  is  now  turned  round,  so  that  its  laminae 
are  parallel  to  the  section  AB< ib,  a.  fourth  set  of  rings  will  be 
seen.  This  new  set,  which  is  represented  in  Plate  VI.,  fig.  4, 
is  by  no  means  brilliant,  but  it  is  distinguished  from  all  the 
rest  by  striking  peculiarities.  In  its  general  structure  it  re- 
sembles the  first  set,  but  in  the  middle  of  each  central  spot 
there  is  a darker  spot  composed  of  blue  and  red,  with  a little 
green  above  the  blue,  and  every  ring  is  divided  into  two  rings, 
each  of  which  has  the  same  colours  as  the  original  ring.  This 
division  of  the  brings  occupies  only  a part  of  the  semicircum- 
ference of  each,  and  is  not  seen  beyond  the  third  ring. 

When  the  agate  begins  to  move  from  the  position  which 
gives  the  third  set  of  rings,  into  that  which  gives  the  fourth  set , 
two  blue  spots  and  the  divisions  of  the  rings  begin  to  appear 
at  a,  a,  a,  a,  a',  a',  a',  a ',  Plate  VII.,  fig.  2,  and  move  along  the 
lines  abc , a'b'd  till  they  arrive  at  c,  c,  c , c,  c',  d,  d , d , when  the 
rings  assume  the  appearance  of  the  fourth  set.  If  the  agate  per- 
forms  another  revolution  of  90°  from  the  position  which  gives 
the  fourth  set  into  that  which  gives  the  third  set , the  blue  spots, 
and  the  divisions  of  the  rings  move  off  in  the  direction  c,  d,  e, 
d,  d d till  the  rings  assume  the  appearance  of  the  third  set. 

The  phenomena  which  have  now  been  described  may  also 
be  perceived,  when  the  polarisation  of  the  rays  rd  is  effected 
either  by  a doubly  refracting  crystal  or  by  reflection.  In  one 
position  of  the  doubly  refracting  crystal  the  third  set  of  rings 
is  seen  in  the  first  image,  and  the  fourth  set  in  the  second 
image,  and  they  alternate  in  every  quadrant  of  the  motion  of 
the  crystal.  When  the  ray  rd  is  reflected  from  a transparent 
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body,  so  that  the  plane  of  reflection  is  parallel  to  the  plane  of 
reflection  from  the  topaz,  the  fourth  set  of  rings  will  be  visible. 

Hitherto  we  have  attended  only  to  the  light  reflected  from 
ah , the  posterior  surface  of  the  topaz  ; but  the  light  transmitted 
at  C exhibits  also  interesting  phenomena.  When  the  observer 
looks  through  the  topaz  in  the  direction  FC,  so  as  to  see  the 
polarising  surface  GH,  the  second  set  of  rings  is  faintly  visible. 
They  become  extremely  distinct,  however,  when  viewed 
through  a plate  of  agate  having  its  laminae  at  right  angles  to 
the  plane  AB ah.  If  the  laminae  are  parallel  to  the  plane  AB ah, 
the  second  set  is  converted  into  the  first  set  with  colours  a little 
paler  than  when  it  was  produced  in  the  former  experiments. 

In  the  preceding  experiments  the  plane  of  reflection  from 
GH  has  been  perpendicular  to  the  plane  of  reflection  from  the 
topaz.  We  shall  now  describe  the  phenomena  which  take 
place  when  these  planes  are  parallel  to  each  other,  an  ar- 
rangement which  is  represented  in  Plate  V.,  fig.  10. 

When  the  observer  looks  into  the  topaz  in  the  direction  rr\ 
he  will  perceive  the  second  set  of  fringes.  If  the  rays  rr*  are 
transmitted  through  a plate  of  agate  having  its  laminae  per- 
pendicular to  the  plane  of  reflection,  the  fourth  set  of  fringes 
will  be  seen,  but  they  are  very  much  fainter  than  they  ap- 
peared in  the  former  experiments.  When  the  laminae  of 
the  agate  are  parallel  to  the  plane  of  reflection,  the  second  set 
is  faintly  visible.  The  central  spots  are,  however,  rather 
larger  than  before,  so  that  this  set  has  the  appearance  of 
being  the  reverse  of  the  first  rather  than  of  the  third  set. 

When  the  light  transmitted  in  the  direction  CF  is  seen  by 
the  naked  eye,  it  exhibits  the  first  set  of  rings.  If  it  is  examined 
through  a plate  of  agate  having  its  veins  perpendicular  to  the 
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plane  of  reflection,  the  first  set  is  still  visible;  but  when  the 


All  the  preceding  observations  were  made  with  a plate  of 
topaz  fi&QQ  of  an  inch  thick.  When  the  plate  has  a greater 
thickness  the  rings  are  much  smaller,  and  when  it  has  a less 
thickness  the  rings  are  extremely  large,  so  that  in  very  thin 
plates,  only  a small  portion  of  a ring  can  be  perceived  at  once. 
We  have  already  seen  that  with  a plate  of  an  inch 

thick,  the  fourth  red  ring  subtends  an  angle  of  180  30'.  With 
another  plate  of  an  inch  thick,  the  angle  subtended  by 
the  same  ring  is  8°  24k  But  since 


it  follows  that  the  conjugate  diameters  of  the  rings  are  inversely 
as  the  thickness  of  the  plates. 

According  to  the  Abbe  Hauy,  the  angle  formed  by  two  of 
the  primitive  faces  of  the  topaz  is  1240  22';  and  therefore  the 
axes  or  longest  diagonals  of  the  primitive  rectangular  prism 
will  form  angles  of  6o°  31'  15"*  with  a line  perpendicular  to 
the  laminae,  a result  which  agrees  so  nearly  with  6o°  38',  the 
inclination  of  the  axes  of  the  coloured  rings,  that  we  can  have 
no  hesitation  in  concluding  that  the  axes  of  the  coloured  rings 
are  coincident  with  the  longest  diagonals  of  the  primitive  rectan- 
gular prism. 

The  rings  which  have  now  been  described  as  produced  by 
topaz , I have  discovered  in  rock  crystal , mica , the  agate , the 
oriental  ruby , the  emerald , native  hydrate  of  magnesia , amber , ices 
sulphate  of  potash,  tartrate  of  potash  and  soda , nitrate  of  potash, 
acetate  of  lead , acetate  of  lead  melted  and  cooled , prussiate  of  pot - 

* According  to  my  own  measurements  the  angle  is  1230  58',  which  gives  60®  28' 
26"  for  the  inclination  of  the  diagonals. 


agate  is  turned  round  90°  the  second  set  is  perceived. 


= 180  30' : 8°  24; 
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ash,  mother  of  pearl,  hones  of  a cod,  quill,  the  human  nail,  horn, 
tortoise  shell,  cornea  of  a fish,  cornea  of  a cow,  cornea  of  a man , 
spermaceti,  Rupert’s  drops,  gum  Arabic,  and  caoutchouc. 

1.  Rock  crystal.  The  only  specimen  of  this  mineral  which 
I could  obtain  when  I made  the  preceding  experiments,  was  in 
the  form  of  a double  convex  lens  about  of  an  inch 

thick.  It  exhibited  only  segments  of  the  coloured  rings,  but 
they  were  very  large  and  brilliant,  and  afforded  me  the  means 
of  making  a very  interesting  experiment  with  a plate  of  agate. 

If  a beam  of  common  light  is  incident  upon  the  neutral  axis 
of  this  crystal,  at  such  an  angle  that  after  reflection  from  its 
posterior  surface,  it  shall  emerge  in  the  direction  of  its  oblique 
depolarising  axis,  the  light  thus  polarised  by  reflection  and  de- 
polarised by  transmission  through  the  depolarising  axis  will 
reach  the  eye  in  the  state  of  white  light.  If  this  light  is  viewed 
through  agate,  one  of  the  coloured  segments,  suppose  green, 
will  be  distinctly  visible;  but  if  the  agate  is  turned  go°  round, 
the  green  colour  will  be  converted  into  red,  and  in  general  the 
colour  seen  in  one  position  of  the  agate  will  be  complemen- 
tary to  that  which  is  seen  in  the  other  position.  When  the 
light,  however,  is  brilliant,  another  very  singular  phenomenon 
presents  itself.  If  the  bright  image  seen  through  the  agate  is 
green,  the  nebulous  image,  in  which  it  is  inclosed,  will  be  red; 
and  when  the  bright  image  is  red,  the  nebulous  image  will  be 
green,  and  in  general  the  colour  of  the  nebulous  image  will 
be  always  complementary  to  that  of  the  bright  image.  If  we 
employ  a prism  of  Iceland  spar  to  examine  the  depolarised 
light,  the  colour  of  the  ordinary  image  is  always  complemen- 
tary to  that  of  the  extraordinary  image.  We  may  therefore 
consider  the  preceding  result  as  an  experimentum  crucis,  which 
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establishes  the  opinion  respecting  the  structure  of  the  agate, 
that  has  been  given  in  another  part  of  this  paper. 

2.  Mica.  The  coloured  rings  are  distinctly  visible  in  mica, 
both  when  the  light  is  transmitted  perpendicularly  through 
the  plate,  and  when  it  is  incident  in  the  direction  of  its  oblique 
depolarising  axis.  The  irregular  structure  of  this  mineral, 
however,  and  the  impossibility  of  procuring  laminae  with  pa- 
rallel and  even  surfaces  prevented  me  from  investigating  the 
phenomena  of  its  coloured  rings. 

3.  Agate.  The  only  plate  of  agate  in  which  I have  observed 
the  coloured  rings,  is  cut  in  such  a direction  that  it  does  not 
polarise  the  bright  image.  It  possesses,  however,  the  faculty 
of  depolarisation,  and  therefore  must  form  two  bright  images 
one  of  which  lies  immediately  above  the  other.  This  plate  is 
about  tIoo  an  *nch  thick,  contains  no  veins,  and  exhibits 
broad  segments  of  coloured  rings. 

4.  Oriental  ruby.  This  doubly  refracting  crystal  affords 
beautiful  rings,  in  which,  owing  to  the  colour  of  the  mineral, 
the  predominant  colours  are  crimson,  light  blue,  and  bluish 
green.  The  central  spots  were  distinctly  visible,  and  though 
the  crystal  was  ~~  of  an  inch  thick,  the  rings  appeared  to 
be  larger  than  those  given  by  topaz  of  an  inch  thick. 

5.  Emerald.  The  coloured  rings  formed  by  this  stone  are 
principally  blue  and  greenish  yellow,  the  least  refrangible  rays 
being  extinguished  by  the  green  colour  of  the  mineral. 

6 . Native  hydrate  of  magnesia . This  mineral  affords  very 
distinct  segments  of  coloured  rings  when  the  light  is  trans- 
mitted in  a direction  nearly  perpendicular  to  the  surface  of  the 
laminae.  Owing  to  the  imperfect  structure  of  the  plates,  I could 
not  obtain  a measure  of  the  diameter  of  the  rings. 
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7.  Amber.  As  this  substance  possesses  no  crystalline  form, 
and  does  not  split  into  laminae,  I found  it  impossible  to  make 
any  satisfactory  experiments  with  it.  The  enormous  breadth 
of  its  coloured  rings  wTas  conspicuous  in  every  specimen,  but 
though  I ground  and  polished  more  than  twenty  plates  of  it, 
I could  not  obtain  one  which  exhibited  any  thing  more  than 
broad  coloured  segments.  With  a parallelopiped  of  amber 
0.566  of  an  inch  long,  0.300  broad,  and  0.367  deep,  the  co- 
loured segments  were  visible  in  every  direction  in  which  the 
light  wras  transmitted.  They  appeared  most  distinct  through 
the  thickness  0.367  ; and  through  the  thickness  0.566  they 
were  still  so  broad,  that  no  more  than  one  colour  of  each  ring 
could  be  seen.  In  a piece  of  amber  of  an  inch  thick,  the 
rings  w;ere  broader  than  in  a plate  of  topaz  ~ of  an  inch 
thick. 

8.  Ice.  The  difficulty  of  making  experiments  upon  ice  with- 
out melting  it,  the  want  of  a crystalline  form,  and  the  im- 
practicability of  shaping  it  into  parallel  plates  prevented  me 
from  obtaining  any  accurate  results.  The  following  experi- 
ments, however,  will  throw  some  light  upon  this  subject. 

A piece  of  ice  of  an  inch  thick  gave  rings  much  broader 
than  those  exhibited  by  a plate  of  topaz  ~o  °f  an  inch  thick. 
The  rings  wrere  also  seen  by  the  reflection  of  common  light 
from  the  posterior  surface  of  the  ice,  the  light  reflected  from 
the  anterior  surface  being  extinguished  by  a prism  of  calca- 
reous spar. 

A piece  of  ice  of  an  inch  thick  exhibited  rings  larger 
than  those  given  by  a plate  of  topaz  of  an  inch  thick.  The 
breadth  of  one  of  the  fringes  shewn  by  a plate  of  ice 
of  an  inch  thick  was  nearly  50  26',  which  compared  with  the 
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results  already  mentioned,  gives  for  the  thickness  of  a 
plate  of  topaz  that  would  produce  a fringe  of  the  same  mag- 
nitude. Hence  the  thicknesses  of  ice  and  topaz  that  give  rings 
of  equal  size  are  as  to  or  as  8.95  to  1,  which  is  nearly 
the  inverse  ratio  of  [m — 1)3  in  ice  to  ( m ' — 1)3  in  topaz,  m 
and  m ' being  the  indices  of  refraction.  If  we  take  m = 1 307 
and  m!  — 1.636,  this  ratio  will  be  nearly  as  8.9  to  1.  In  these 
experiments  the  two  oval  central  spots  were  distinctly  seen. 

Light  transmitted  at  an  angle  of  46°  through  a plate  of  ice 
1.25  inches  thick  gives  rings  of  the  same  size  as  when  it  is 
transmitted  at  an  angle  of  6o°  38'  through  a plate  of  topaz 
of  an  inch  thick.  By  calculating  the  real  thicknesses 
in  the  direction  of  the  transmitted  light,  it  will  be  found  that 
the  thicknesses  at  which  ice  and  topaz  produce  rings  of  the 
same  magnitude  are  as  8.4  to  1,  a ratio  not  very  remote  from 
that  of  (m — 1 ) 3 in  ice  to  [mf — 1 )3  in  topaz. 

Light  transmitted  at  an  incidence  of  36°  through  a plate  of 
ice  t6q8q  of  an  inch  thick  gave  rings  twice  as  large  as  those 
shewn  by  a plate  of  topaz  °f  an  inch  thick.  These  thick- 
nesses will  be  found,  after  reduction,  to  be  as  8.2  to  1,  a ratio 
more  remote  than  any  of  the  former  from  that  of  ( m — 1 )3 
to  ( m'—  1 )3. 

A plate  of  ice  taken  from  the  surface  of  a pool  of  water  did 
not  appear  to  depolarise  light,  when  it  was  incident  perpendi- 
cularly : but  when  the  angle  of  incidence  was  considerable, 
the  light  was  depolarised  in  every  direction,  and  the  coloured 
rings  appeared  even  at  great  obliquities* 

9.  Sulphate  of  potash.  A plate  of  sulphate  of  potash  TVoo 
of  an  inch  thick  gave  fringes  of  colour,  each  of  which  was  40 
in  breadth,  while  another  plate  of  an  inch  thick  gave 
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fringes  30  12'  in  breadth.  Now 

135  : 168  = 30  12'  : 40  nearly, 
so  that  the  diameters  of  the  rings  are  inversely  as  the  thick- 
nesses of  the  plates,  as  in  the  case  of  topaz.  The  light  was 
incident  on  the  sulphate  of  potash  at  an  angle  of  410,  which 
gives  for  the  oblique  thickness  of  the  plate  -r^o  °f  an 
inch  thick.  Now 
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the  size  of  the  ring  that  would  have  been  produced  by  a 
plate  of  topaz  of  an  inch  thick,  so  that  the  thicknesses 
of  sulphate  of  potash  and  topaz  that  produce  equal  rings  are 
as  1.85  to  1,  which  is  not  very  far  from  the  ratio  of  ( m — 1 )3  to 
( m ' — 1)3.  If  we  take  1.509  and  m' — 1.636  this  ratio 
will  be  as  1.95  to  1. 

10.  Tartrate  of  potash  and  soda.  The  neutral  axes  of  this  salt 
are  parallel  and  perpendicular  to  the  axis  of  the  prism,  and  it 
possesses  an  oblique  depolarising  axis  along  which  the  coloured 
rings  are  visible.  The  thicknesses  of  this  substance  and  of 
topaz,  at  which  equal  rings  are  produced,  are  as  31  : 16 , 
which  is  almost  exactly  the  ratio  of  ( m — i)3to  ( m ' — 1)3. 
The  value  of  ml  in  the  tartrate  being  1.515. 

11.  Nitrate  of  potash.  This  salt,  which  is  remarkable  for  its 
optical  properties,*  exhibits  along  the  axis  of  the  hexaedral 
prism  a series  of  beautiful  miniature  rings,  twelve  of  which  are 
distinctly  visible.  In  a plate  of  the  nitrate  of  potash  of 
an  inch  thick,  the  fourth  ring  subtended  an  angle  of  50  45', 
whereas,  in  a plate  of  topaz  of  an  inch  thick,  it  sub- 
tended an  angle  of  8°  25'.  But 


* I have  endeavoured  to  give  a full  account  of  these  in  the  Transactions  of  the 
Royal  Society  of  Edinburgh,  Vol.  VII.  Part  II. 
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the  thickness  of  topaz  that  would  give  the  fourth  ring  a dia- 
meter of  50  45'.  Hence  the  thicknesses  at  which*  the  nitrate 
of  potash  and  topaz  produce  rings  of  equal  magnitude  are  as 

'»Vo°o  *°  -rooo>°r  as  1 to  3 97  nearly.  But  assuming  the  rings 
to  vary  as  (m — 1)3,  those  formed  by  the  nitrate  should  have 
been  larger  than  those  exhibited  by  the  topaz  in  the  ratio  of 
6$63 : 51 53,  or  nearly  1.88  to  1.  Hence  the  rings  formed  by 
nitrate  of  potash  are  1.88  x 3-97,  or  7.5  times  smaller  than  they 
should  be  if  their  conjugate  diameters  had  varied  as  (m  — 1)3.* 

12.  Acetate  oj  lead.  This  doubly  refracting  crystal  melts  at 
a temperature  not  much  greater  than  that  which  bees'  wax 
requires,  and  it  takes  a long  time  to  cool  and  crystallize. 
When  it  is  formed  by  heat  into  a thin  film  between  two  plates, 
the  crystals  shoot  from  different  centres,  and  exhibit  by  po- 
larised light  the  most  beautiful  alternations  of  the  prismatic 
colours.  When  the  eye  is  kept  at  a distance  from  the  plate, 
the  colours  radiate  like  the  spicula  of  the  salt,  and  vary  at 
every  inclination  of  the  plate. 

13.  Mother  of  pearl.  The  coloured  rings  are  extremely  bril- 
liant in  this  substance  when  the  polarised  light  is  transmitted 
almost  perpendicularly ; but  they  do  not  appear  when  it  pene- 
trates by  an  oblique  path. 

The  other  substances,  which  have  already  been  mentioned 
as  affording  coloured  rings  by  polarised  light,  exhibit  only 
imperfect  segments  of  the  fringes,  but  in  all  of  them  these 


• The  thickness  of  the  plates  of  ice,  sulphate  of  potash,  and  nitrate  of  potash,  and 
the  inclination  of  the  incident  pencil  were  measured  in  the  rudest  manner,  as  my 
object  was  merely  to  ascertain  in  general  if  there  was  any  connection  between  the 
magnitude  of  the  coloured  rings  and  the  refractive  power  of  the  body  which  produced 
them. 
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segments  are  distinctly  visible,  excepting  in  caoutchouc,  where 
the  colours  are  extremely  faint. 

It  is  highly  probable  that  the  coloured  rings  will  be  found 
in  a still  greater  number  of  crystallized  bodies.  I have  sought 
for  them  in  vain  in  the  diamond,  native  orpiment,  Iceland  spar, 
fluor  spar,  muriate  of  soda,  carbonate  of  lead,  carbonate  of 
barytes,  the  sclerotic  coat  of  the  eye,  the  crystalline  lens,  and 
a great  variety  of  other  bodies,  and  in  some  of  these  with 
so  much  care,  that  they  could  scarcely  have  escaped  my 
notice,  if  they  did  exist.  It  therefore  still  remains  to  be  de- 
termined, what  kind  of  crystallization  is  necessary  to  their 
production,  and  what  relation  exists  between  the  magnitude 
of  the  rings  and  the  refractive  power  of  the  body  which  pro- 
duces them.  In  some  of  the  experiments  already  described, 
the  diameters  of  the  rings  seem  to  vary  as  [m  — 1 )3,  but  the 
anomalies  exhibited  by  amber  and  nitrate  of  potash  completely 
prove  that  this  is  not  the  law  by  which  their  magnitude  is 
regulated. 

I have  the  honour  to  be, 

Dear  Sir, 

your  most  obedient  humble  servant, 

DAVID  BREWSTER, 

To  Sir  Humphry  Davy,  LL,  D.,  Sec.  Sec. 
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XII.  On  the  Polarisation  of  Light  by  oblique  transmission  through 
all  Bodies , whether  crystallized  or  uncrystallized.  By  David 
Brewster,  LL.D.  F.  R.  S.  Edin.  and  F.  S.  A.  Edin . In  a 
Letter  addressed  to  Taylor  Combe,  Esq.  Sec.  R.  S. 

Read  January  27,  1814,. 

Sir, 

In  a letter  on  “ the  Affections  of  Light  in  its  passage  through 
crystallized  Bodies/'  which  I had  the  honour  of  transmitting 
a few  days  ago  to  the  Royal  Society  through  Sir  Humphry 
Davy,  I alluded  to  a series  of  experiments  which  I had  in  view 
for  the  purpose  of  generalising  the  various  phenomena  which 
had  been  described.  At  the  very  commencement  of  this  en- 
quiry I have  been  led  to  the  important  general  result  “ that 
“ light  transmitted  obliquely  through  all  transparent  bodies, 
“ whether  crystallized  or  uncrystallized,  suffers  polarisation 
“ like  one  of  the  pencils  formed  by  doubly  refracting  crystals,” 
and  I hasten  to  communicate  to  you  a brief  sketch  of  the  nature 
and  consequences  of  this  discovery. 

In  examining  if  any  change  was  produced  upon  common 
light  during  its  passage  along  the  oblique  depolarising  axis  of 
mica,  I observed,  in  one  position  of  the  mineral,  some  appear- 
ances which  indicated  a partial  polarisation  of  the  incident  rays. 
Upon  turning  the  mica  round,  so  as  to  preserve  its  obliquity 
to  the  incident  pencil,  the  same  phenomena  presented  them- 
selves in  every  part  of  the  revolution  of  the  mica,  and  the 
quantity  of  polarised  light  was  found  to  increase  with  the 
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obiiqirty  of  its  incidence.  I then  substituted  a plate  of  glass 
instead  of  the  mica,  and  a similar  result  was  obtained,  though 
the  quantity  of  polarised  light  was  considerably  less  than  in  the 
first  experiment.  By  adding  one  plate  of  glass  after  another, 
the  number  of  polarised  rays  was  increased  by  the  addition  of 
each  plate,  and  when  the  plates  amounted  to  fifteen,  the  trans- 
mitted pencil  was  wholly  polarised  at  an  angle  of  about 
7c°  1 7',  and  possessed  all  the  properties  of  that  species  of 
light. 

When  a beam  of  light,  polarised  in  this  manner,  is  viewed 
through  a piece  of  agate  having  its  laminae  parallel  to  the  plane 
of  refraction,  the  bright  image  of  the  object  from  which  the 
ray  proceeds  will  vanish,  and  the  nebulous  light  will  be  a 
maximum ; but  if  either  the  plates  of  glass  or  the  agate  is 
turned  round,  so  as  to  bring  the  laminae  perpendicular  to  the 
plane  of  refraction,  the  nebulous  light  will  vanish,  and  the 
bright  image  will  recover  its  full  lustre. 

If  we  now  substitute  in  place  of  the  agate  another  series  of 
plates,  having  their  refracting  surfaces  parallel  to  those  of  the 
first  series,  and  having  the  same  inclination  to  the  emergent 
ray  as  the  first  series  had  to  the  incident  ray,  the  ray  emerg- 
ing from  the  first  series  will  be  transmitted  through  the  second 
series,  like  ordinary  light ; but  if  the  refracting  surfaces  are 
perpendicular  to  each  other,  the  ray  emerging  from  the  first 
series  will  refuse  to  penetrate  the  second  series,  and  the  object 
from  which  it  proceeds  will  be  invisible. 

Having  thus  ascertained  that  the  pencil  of  light  polarised 
by  transmission  comported  itself,  in  every  respect,  like  one 
of  the  pencils  formed  by  double  refraction,  my  next  object 
was  to  ascertain  the  law  of  the  phenomena  in  relation  to  the 
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number  of  plates  and  the  angle  of  incidence  at  which  the 
polarisation  was  effected. 

For  this  purpose,  I provided  rnyself  with  forty-seven  plates 
of  crown  glass,  each  of  which  was  about  three  inches  long 
and  one  broad,  and  having  formed  them  successively  into 
parcels  of  47,  44,  41,  39,  &c.  down  to  eight  plates,  I mea- 
sured by  means  of  a theodolite  the  different  angles  at  which 
a pencil  of  light  was  polarised  when  transmitted  through 
these  various  parcels.  The  results  which  were  thus  obtained, 
indicated  at  once  a regular  progression,  and  upon  comparing 
the  number  of  plates  with  the  angles,  it  was  obvious  that  the 
number  of  plates  were  always  to  one  another,  as  the  cotan- 
gents of  the  angles  of  incidence  at  which  they  polarised  the 
transmitted  light;  that  is,  if  zz,  n'  represent  the  number  of 
plates  in  any  two  parcels,  and  <p,  <f  the  angles  at  which  the 
pencil  was  polarised,  we  have 

n : n ' = cotang.  <p  : cotang.  <pf  and 
n x tang.  <p  = n'  x tang.  <p'. 

Hence  it  follows  that  the  number  oj  plates  in  any  parcel  multi - 
plied  by  the  tangent  of  the  angle , at  which  it  polarises  light , is  a 
constant  quantity.  From  a great  number  of  observations,  made 
with  a parcel  of  eighteen  plates,  I have  found  the  constant 
quantity  for  crown  glass  to  be  41.84,  so  that  we  have 

tang.  = — 

that  is,  divide  the  constant  quantity  by  any  given  number  of 
plates,  and  the  quotient  will  be  the  natural  tangent  of  the 
angle  at  which  that  number  will  polarise  a pencil  of  light. 
In  this  way  I have  constructed  the  following  table,  shew- 
ing the  various  angles  of  polarisation  from  one  plate  up  to 
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8,640,000  plates,  the  number  by  which  light  is  polarised  at 
an  incidence  of  a single  second. 

Th e first  column  contains  the  number  of  plates  in  each  parcel ; 
the  second  the  angles  of  incidence  at  which  each  parcel  pola- 
rises the  transmitted  light,  calculated  from  the  preceding 
formula,  and  extending  to  parcels  below  eight,  and  above 
forty-seven,  which  could  not  easily  be  made  the  subject  of 
experiment;  the  third  column  contains  the  experimental  results 
from  which  the  law  was  deduced  ; and  the  fourth  exhibits  the 
differences  between  the  calculated  and  observed  angles.  The 
differences  are  all  within  the  limits  of  error,  and  are  singularly 
small  when  we  consider  the  difficulty  of  observing  the  com- 
plete extinction  of  a luminous  object,  when  the  light  by  which 
it  is  formed  has  traversed  a great  number  of  plates.  When 
the  angle  of  incidence  exceeds  the  angles  of  polarisation  con- 
tained in  the  table,  the  pencil  of  light  still  emerges  in  a pola- 
rised state. 
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Table  shewing  the  Angles  at  which  Light  is  polarised  by  oblique 


Refraction,  through  different  numbers  oj  Plates. 


Number  of  Plates 
in  each  Parcel. 

Angles  of  Incidence 
at  which  Light  is 
polarised. 

Angles  of  Incidence 
at  which  Light  is 
polarised. 

Differences  between 
the  calculated  and 
observed  Angles. 

By  Calculation. 

By  Experiment. 

1 

88° 

38' 

2 

87 

16 

3 

8 5 • 

54 

4 

84 

32 

6 

81 

5o 

8 

79 

11 

78° 

52'* 

O 

]9/  — 

10 

76 

33 

76 

24 

O 

9 — 

12 

74 

0 

74 

2 

O 

2 + 

14 

7i 

3° 

72 

15 

O 

45  + 

16' 

b’9 

4 

69 

40 

O 

s6  + 

18 

66 

43 

66 

43 

O 

0 

21 

63 

21 

63 

39 

O 

18  + 

24 

6’0 

8 

61 

0 

O 

52  + 

27 

57 

10 

56 

58 

O 

12  — 

29 

55 

16 

34 

50 

O 

26  

3i 

53 

28 

53 

16 

O 

12  — 

33 

51 

44 

51 

0 

O 

44  — 

35 

50 

5 

50 

23 

O 

18  + 

39 

47 

1 

46 

50 

O 

11  — 

41 

45 

35 

45 

49 

O 

14f  + 

44 

43 

34 

44 

0 

O 

26  + 

47 

41 

41 

42 

0 

O 

1 9 + 

100 

22 

42 

200 

1 1 

49 

* This  result  was 

obtained  by  a parcel 

500 

4 

47 

jf  plates 

of  parallel  glass. 

1000 

2 

24 

2000 

1 

1 2 

4000 

0 

36 

14000 

0 

1 

8,640,000 

0 

0 1" 
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By  means  of  the  preceding  table,  we  may  readily  determine 
the  quantity  of  light  that  is  polarised  at  any  angle  <p,  by  a 
given  number  of  plates  n.  Let  m be  the  number  of  plates 
necessary  to  polarise  the  whole  of  the  transmitted  light,  as 
found  either  from  the  table,  or  from  the  formula 

4.1.84. 

m = — — 

tang.  9 

L the  quantity  of  light  transmitted  through  the  plates  n , then 

Ln  L 
: — 
m 

> 

the  quantity  of  light  required.  If  <p  = 430  33';  L=i  n = 
2 and  m = 44,  then  we  shall  have  ~ ===  o 04545  the  quan- 
tity of  light  polarised  by  two  plates  at  an  angle  of  430  33'. 

The  law  of  polarisation  being  thus  ascertained,  my  next 
object  was  to  determine  the  law  of  the  variations  which  the 
angles  experienced  by  changing  the  refractive  power  of  the 
plates.  From  the  difficulty  of  procuring  ground  plates  of  any 
substance  of  a high  refractive  power,  I have  made  this  experi- 
ment only  in  a rude  manner  with  a parcel  of  twelve  plates  of 
green  glass,  which  is  nearly  equal  to  flint  glass  in  refractive 
power.  The  result  of  this  experiment  indicated  that  as  the 
refractive  power  increased,  the  transmitted  light  was  polarised 
at  a less  angle  of  incidence;  but  I cannot  yet  state  the  precise 
law  till  I have  performed  a series  of  experiments  with  a parcel 
of  plates  of  flint  glass  which  I am  now  preparing. 

If  a series  of  plates  of  glass  is  employed  in  the  experiments 
on  the  elliptical  coloured  rings  produced  by  topaz,  either  in  po- 
larising the  incident  rays  in  place  of  the  reflecting  plane,  or  in 
examining  the  rings  in  place  of  the  agate  and  Iceland.spar,  the 
phenomena  retain  the  same  character;  but  are  more  distinct  and 
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brilliant.  The  indistinctness  occasioned  by  the  interference  of 
the  two  images  in  the  case  of  Iceland  spar,  and  of  the  bright 
and  nebulous  light  in  the  case  of  the  agate,  is  here  in  a great 
measure  avoided. 

The  polarisation  of  light  for  this  class  of  experiments  may 
be  effected  in  a very  beautiful  manner,  by  introducing  into  a 
glass  trough  about  two-tenths  of  an  inch  wide,  the  fragments 
of  a globe  of  glass  blown  to  the  utmost  thinness,  or  the  ele- 
mentary films  of  which  mica  is  composed.  I have  produced 
the  same  effect  by  coats  of  grease,  by  thick  plates  of  mica,* 
by  folds  of  gold  beaters'  skin,^  and  even  by  gold  leaf  itself. 
The  gold  beaters'  skin  is  particularly  fitted  for  this  experiment 
when  a strong  light  is  used,  as  it  disperses  and  equalises  the 
light,  and  thus  exhibits  the  rings  to  peculiar  advantage. 

Owing  to  the  reflection  which  takes  place  at  the  surface  of 
each  plate,  the  image  of  a luminous  object  seen  through  a 
parcel  of  fifteen  plates  is  encircled  with  a great  number  of 
faint  images,  which  exhibit  new  phenomena.  When  the  plates 
are  placed  at  a little  distance  from  each  other  in  a wooden 
trough  ABDC,  PI.  VIII.,  fig.  1,  a luminous  object  at  O will  be 
seen  by  the  eye  at  E in  the  direction  EE',  encircled  with  these 
faint  images.  By  turning  the  trough  round  D,  in  the  direc- 


* The  following  measures  were  taken  with  two  thick  pieces  of  mica. 

Thickness.  Angle  of  Polarisation. 

Mica  - - 0.127  inch  - - 63*  o' 

Ditto,  another  specimen  0.093  - - 71  45 

f The  angle  at  which  the  complete  polarisation  of  the  transmitted  light  is  effected 
may,  in  some  instances,  be  employed  as  a good  measure  of  the  refractive  power  of  the 
polarising  plates  or  films.  In  the  case  of  gold  beaters’  skin,  and  other  substances 
which  neither  reflect  nor  refract  light  regularly,  it  is  the  only  method  which  can  be 
put  in  practice. 

MDCCCXIV.  G g 


22 6 Dr.  Brewster  on  the  Polarisation  of  Light. 

tion  CAB,  so  as  to  increase  the  obliquity  of  the  light  radiating 
from  O,  the  corner  A will  conceal  the  bright  image  at  O, 
while  the  faint  secondary  images  continue  visible.  If  we  now 
examine  these  images  with  a prism  of  Iceland  spar,  they  will 
be  found  to  be  polarised  exactly  like  the  bright  image ; but 
upon  increasing  the  obliquity  of  the  incident  rays  still  more,  a 
nebulous  light  makes  its  appearance  in  the  place  of  the  faint 
images,  and  what  is  very  singular,  this  nebulous  light  is  polarised 
in  the  opposite  manner  from  the  bright  image , and  the  bright  image 
has  the  same  relation  to  this  nebulous  light,  as  the  bright  image 
has  to  the  nebulous  image  of  the  agate,  or  as  the  first  pencil  has  to 
the  second  pencil  formed  by  doubly  refracting  crystals. 

When  a beam  of  light  from  a candle  is  transmitted  through 
a convex  lens,  and  falls  upon  a series  of  plates  at  a consi- 
derable angle  of  incidence,  a bright  image  A,  and  a row 
of  faint  images  cd  are  distinctly  visible,  as  in  fig.  2.  If  we 

1 

now  view  these  images  through  a prism  of  Iceland  spar,  they 
will  all  be  doubled;  but  upon  turning  round  the  prism,  the 
image  A will  vanish,  and  along  with  it  the  faint  images  ef,  and 
after  another  quarter  of  a revolution  the  image  B will  vanish, 
and  along,  with  it  the  faint  images  cd,  the  images  A,  and  ef- 
having  reappeared.  When  the  angle  of  incidence,  however, 
is  greatly  increased,  the  secondary  images  cd  always  vanish 
along  with  their  principal  image  A,  and  ef  along  with  their 
principal  image  B. 

The  polarisation  of  the  nebulous  light,  in  an  opposite  man- 
ner from  the  bright  image,  first  shewed  itself  to  me  in  a very 
curious  phenomenon.  When  the  nebulous  light  and  the  bright 
image  were  both  visible  at  the  same  time,  and  were  transrr  / 
mitted  through  topaz,  so  as  to  form  the  elliptical  coloured 
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rings,  I was  surprised  to  observe  the  lower  half  of  all  the 
rings  completely  different  from  the  upper  half,  like  the  sketch 
in  fig.  3,  the  half  of  the  rings  above  the  conjugate  diameter 
of  each  was  the  very  same  as  the  first  set  described  in  my 
former  paper,  while  the  other  half  below  the  conjugate  dia- 
meter contained  the  complementary  rings,  such  as  those  which 
form  the  second  set  in  the  same  paper. 

When  we  polarise  a beam  of  light  by  refraction,  at  the  same 
angle  at  which  it  is  polarised  by  reflection,  we  obtain  very  in- 
teresting results.  The  number  of  plates  necessary  for  this  pur- 
pose is  thirty,  as  represented  by  ABCD,  fig.  4.  If  a ray  of  light 
RS  is  incident  at  S,  so  that  the  angle  of  incidence  is  540  35', 
then,  according  to  the  observations  of  Malus,  the  reflected 
ray  ST  will  be  wholly  polarised,  while  according  to  the  pre- 
ceding experiments,  the  transmitted  beam  EF  will  also  be 
completely  polarised.  The  pencil  EF,  however,  is  polarised 
in  the  opposite  manner  to  ST,  and  the  two  pencils  have  the 
same  relation  to  each  other,  as  the  two  images  formed  by 
double  refraction.  If  w re,  therefore,  suppose  the  thickness  AC 
of  the  thirty  plates  diminished  to  such  a degree,  that  the  eye 
could  receive  both  the  pencils  ST  and  EF,  and  if  we  examine 
these  two  images  by  a prism  of  Iceland  spar,  they  will  com- 
port themselves  in  every  respect,  as  if  they  had  been  produced 
by  a doubly  refracting  crystal,  vanishing  and  reappearing  al- 
ternately in  every  quadrant  of  the  circular  motion  of  the  spar. 

As  a portion  of  the  transmitted  beam  SEF  is  polarised  at  its 
emergence  from  each  plate,  and  as  this  portion  possesses  a 
polarisation  opposite  to  that  of  the  reflected  beam  ST,  and  falls 
upon  the  subjacent  plates  at  an  angle  of  540  35',  not  one  par- 
ticle of  it  will  suffer  reflection , hut  each  minute  portion  of  light 

G g 2 
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polarised  by  every  successive  plate  will  force  its  way  through  all 
the  remaining  plates,  and  will  reach  the  eye  at  E,  without  having 
lost  a single  ray  by  reflection,  the  light  reflected  at  each  surface 
being  taken  from  the  unpolarised  portion  of  the  transmitted  light. 
Hence  it  follows,  that  the  light  which  penetrates  through  a 
parcel  of  plates  is  not  a maximum  when  it  falls  with  a perpen- 
dicular incidence ; that  the  principle  employed  by  Bouguer  for 
computing  the  intensity  of  the  light  transmitted  by  several 
plates  is  completely  erroneous;  and  that  the  method  adopted 
by  the  same  distinguished  philosopher  for  measuring  the  ab- 
sorption of  light  is  affected  with  a similar  error.  * 

The  celebrated  discovery  made  by  Malus,  of  the  polarisa- 
tion of  light  by  oblique  reflection,  is  perhaps  the  most  impor- 
tant that  optics  has  received  since  the  discovery  of  the  principle 
of  the  achromatic  telescope ; but  though  it  developed  a new 
set  of  phenomena,  analogous  to  those  produced  by  doubly 
refracting  crystals,  yet  as  the  polarisation  of  one  of  the  images, 
at  least,  formed  by  these  crystals,  was  effected  by  refraction , 
and  not  by  reflection,  it  did  not  furnish  us  with  any  information 
respecting  the  manner  in  which  they  polarised  the  transmitted 
light.  The  discovery,  however,  of  the  polarisation  of  light  by 
oblique  refraction,  forms  the  connecting  link  between  these 
two  classes  of  facts,  and  holds  out  the  prospect  of  obtaining  a 
direct  explanation  of  the  leading  phenomena  of  double  re- 
fraction. 

* In  estimating  the  quantity  of  light  absorbed,  Bouguer  (Traite  dCOptique  sur 
la  gradation  de  la  Lumiere,  p.  156 — 160,)  compared  the  quantity  transmitted  by 
four  pieces  of  glass  with  the  quantity  transmitted  by  one  piece  having  the  same  thick- 
ness with  all  the  four.  The  pencil  of  light  was  incident  at  an  angle  of  1 5*,  and  hence 
the  177th  part  of  the  light  transmitted  by  each  plate  was  polarised,  and  therefore 
not  altogether  subject  to  the  general  law  ot  reflection. 
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If  two  separate  sets  of  polarising  plates  are  placed  before 
two  luminous  objects,  in  such  a manner  that  their  planes  of 
refraction  are  perpendicular  to  each  other,  and  that  the  rays 
are  incident  upon  both  parcels  at  the  polarising  angle  belong- 
ing to  each,  the  observer  will  perceive  two  images  which  have 
all  the  properties  of  those  formed  by  doubly  refracting  crys- 
tals ; and  in  so  far  as  the  polarisation  of  the  two  pencils  is 
concerned,  the  two  parcels  of  plates  form  an  artificial  polari- 
sing crystal.  For  if  these  two  images  are  viewed  through  a 
prism  of  Iceland  spar,  they  will  be  converted  into  four  images, 
and  by  turning  round  either  the  spar,  or  the  plates,  two  of 
the  images  will  vanish  and  reappear  in  every  quarter  of  a 
revolution. 

From  these  observations,  we  are  entitled  to  conclude,  that 
the  mystery  of  the  polarisation  of  the  two  pencils  formed  by 
double  refraction  is  completely  removed  by  a reference  to  a 
more  general  principle,  and  that  the  formation  of  two  images 
and  the  oblique  refraction  at  a perpendicular  incidence  are  the 
only  parts  of  the  problem  which  now  require  a solution. 

From  the  view  which  has  just  been  given  of  the  nature  and 
consequences  of  the  polarisation  of  light  by  oblique  refraction, 
you  will  readily  see  that  the  prosecution  of  these  experiments 
will  lead  to  results  of  still  higher  interest.  The  establishment 
of  a new  law  must  at  all  times  be  considered  as  an  important 
step  in  the  progress  of  science,  but  when  this  law  presides 
over  a class  of  facts,  all  of  which  are  unexplained,  and  many 
of  which  still  remain  to  be  discovered,  it  claims  a higher  regard 
both  as  an  instrument  of  discovery,  and  as  a principle  for  ex- 
plaining new  and  analogous  phenomena. 

If  this  paper  shall  meet  with  your  apprebation,  and  that  of 
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the  Royal  Society,  I shall  communicate  to  you  the  results  of  a 
set  of  experiments  on  the  Polarisation  of  Light  by  reflection . In 
this  paper  I shall  be  able  to  shew,  by  the  most  satisfactory 
details,  that  the  principle  discovered  by  Malus  is  not,  as  has 
been  supposed,  a general  law,  but  that  it  depends  upon  a cir- 
cumstance which  he  appears  to  have  completely  overlooked,  viz. 
the  relation  between  the  quantities  of  reflected  and  transmitted 
light  when  the  pencil  is  incident  at  the  polarising  angle.  When 
light  is  polarised  by  reflection  from  water,  the  reflected  light  is 
only  Par<:  °f  ^le  incident  pencil,  and  in  the  case  of  glass 
it  is  only  fboo’  ^Llt  w^en  realgar,  diamond,  and  chromate  of  lead 
are  employed,  the  light  reflected  at  the  polarising  angle  is 
above  and  therefore  none  of  these  bodies  have  the  power 

of  polarising  the  whole  of  the  reflected  pencil. 


I have  the  honour  to  be, 

Sir,  your  most  obedient  humble  servant. 


Edinburgh,  Nov.  24,  1813. 


DAVID  BREWSTER. 


To  Taylor  Combe,  Esq.  Sec.  R.  S. 
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XIII.  Further  Experiments  on  the  Light  of  the  Cassegrainian 
Telescope  compared  with  that  of  the  Gregorian.  By  Captain 
Henry  Kater,  Brigade  Major.  In  a Letter  addressed  to  the 
Right  Hon.  Sir  Joseph  Banks,  Bart.  K.  B.  P.  R.  S. 

Read  November  18,  1813. 

Sir, 

Since  you  did  me  the  honour  of  submitting  to  the  Royal 
Society  my  experiments  on  the  comparative  light  of  the  Cas- 
segrainian and  Gregorian  telescopes,  I have  been  so  fortunate 
as  to  have  an  opportunity  of  establishing  the  conclusions  de- 
duced from  them  by  another  experiment,  the  detail  of  which 
I trust  will  not  prove  unacceptable. 

The  telescopes  used  on  the  present  occasion  were  the  ex- 
cellent Gregorian  described  in  my  former  paper,  and  a new 
Cassegrainian  constructed  by  Mr.  Crickmore.  The  diameter 
of  the  large  speculum  of  this  instrument:  is  4,9  inches,  the 
distance  between  the  mirrors  only  18  inches,  and  it  bears  a 
power  of  about  550  (as  roughly  determined  by  experiment) 
with  perfect  distinctness  and  considerable  light. 

The  magnifying  powers  used  were  157  in  the  Cassegrainian, 
and  125  in  the  Gregorian;  these  were  carefully  determined 
by  experiment.  A circular  piece  of  pasteboard  was  then  pre- 
pared to  close  the  end  of  the  Cassegrainian  telescope,  and 
concentric  circles  were  drawn  on  it  at  the  distance  of  the 
twentieth  of  an  inch  from  each  other.  These  were  succes- 
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sively  cut  out  till  a card  appeared  decidedly  brighter  when 

viewed  through  the  Cassegrainian  than  through  the  Grego- 
rian. 


The  following  measures  were  then  taken. 


Cassegrainian  Telescope. 

Diameter  of  the  circular 
opening  in  the  paste- 
board 

Diameter  of  the  back  of 
the  small  mirror 
Length  of  the  arm 
Thickness  of  ditto 


Inch. 


Gregorian  Telescope. 


3,6  00 

1,900 

0,830 

0,225 


Diameter  of  the  large 
mirror 

Diameter  of  the  back  of 
the  small  mirror 
Length  of  the  arm 
Thickness  of  ditto 
Length  of  a bar  contain- 
ing the  adjustment 
Its  width 


Diameter  of  three  semi- 
circles used  as  rests 
for  the  great  mirror 


Inch. 


3 >95  o 

1,230 

Li  55 

0,700 

0,150 


°,375 


From  the  above  data  the  following  calculations  were  made. 


Area  of  the  circular  inch, 
opening  in  the  paste- 
board - 10,179 

Area  of  the  back 
of  the  small 
mirror  to  be 
deducted  - 2,836 

Area  of  the  arm 
to  be  deducted  0,191 

3,027 


Area  of  the  large  mir-  inch. 

ror  - - 12,254 

Area  of  the  back  of  the 
small  mirror  to  be 
deducted  - 1,188 

Area  of  the  arm 
to  be  deducted  0,202 
Area  of  the  bar 
containing  the 
adjustment  to 
be  deducted  0,105 
Area  of  the  three 
semicircles  to 
be  deducted  0,166 

1,661 


Area  of  the  portion  of 
the  mirror  exposed 
to  the  light  - 7,152 


Area  of  the  portion  of 
the  mirror  exposed  to 
the  light  - 10,593 
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The  magnifying  powers  being  157  in  the  Cassegrainian 
telescope  and  125  in  the  Gregorian,  their  comparative  light 
when  reduced  to  the  same  aperture  and  power  will  be  as 

T*j|a  t0  or  as  678  10  290. 

It  may  perhaps  be  desirable  to  place  the  results  of  the  three 
experiments  in  one  point  of  view.  Thus,  calling  the  light  of 
the  Gregorian  telescope  in  every  instance  100,  we  have  the 
light  of  a telescope  of  the  Cassegrainian  form  of  equal  power 
and  aperture,  by  the  first  experiment  235,  by  the  second  148, 
and  by  the  third  234. 

The  surprising  agreement  of  the  first  and  third  experiments 
with  each  other,  excites  an  inquiry  as  to  the  cause  of  the  dif- 
ference observable  in  the  second,  as  equal  care  and  attention 
were  bestowed  on  all. 

The  Cassegrainian  telescope  used  on  that  occasion  I have 
been  unable  to  procure  again,  but  from  the  inquiries  I have 
since  made,  there  is  some  reason  to  believe  that,  in  addition  to 
the  polish  of  the  specula  having  been  somewhat  impaired,  as 
lemarked  in  my  last  paper,  its  convex  mirror  was  too  small 
to  receive  the  whole  cone  of  rays,  and  to  this  circumstance 
principally  I am  inclined  to  attribute  the  deficiency  of  light  in 
the  second  experiment  when  compared  with  the  first  and  third. 

If  the  mean  of  all  three  experiments  be  taken,  the  relative 
quantity  of  light  will  be  as  2o§-  to  10 ; but,  if  the  second  ex- 
periment be  rejected,  and  the  mean  of  the  first  and  third  be 
considered  as  correct,  the  light  will  be  very  nearly  as  23I-  to 
10  in  favour  of  a telescope  of  the  Cassegrainian  form  compared 
with  one  ot  the  Gregorian  construction. 


Ipswich,  1 6th  July,  1813 
MDCCCXIV. 


I have  the  honour  to  remain,  &c.  &c. 


H h 


HENRY  KATER. 
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P.  S.  A fact  which  appears  to  be  somewhat  analogous  to 
that  which  I have  observed,  has  been  remarked  by  Dr.  Brew- 
ster in  his  late  treatise  on  Philosophical  Instruments.  “ It  is  a 
curious  fact,”  he  says,  p.  44,  t(  that  the  circular  images  or  the 
sections  of  the  cone  of  rays,  are  never  so  distinct  and  well 
defined  after  the  rays  have  crossed — as  they  are  before — 
and  again,  p.  193,  “ the  sections  of  the  cones  of  light  are,  in 
general,  better  defined,  when  they  are  taken  between  the  object 
glass  and  its  principal  focus.” 


APPENDIX. 

Since  the  preceding  paper  was  submitted  to  the  Royal  Society, 
I have  made  numerous  experiments  connected  with  the  same 
subject  for  the  purpose  of  bringing  the  results  I then  deduced 
to  the  test  of  a further  examination,  conducted  in  a different 
manner,  and  with  a more  simple  apparatus. 

My  object  was  to  determine  the  intensity  of  light  reflected 
from  a concave  mirror  at  equal  distances  from  its  focus,  and 
thus  to  decide,  in  a direct  manner,  whether  any  rays  are  lost 
in  crossing  each  other  at  the  place  where  an  image  is  formed. 

The  mirror  employed  in  these  experiments  belongs  to  an 
excellent  Newtonian  telescope ; its  diameter  is  4,6,  and  its 
solar  focus  22,5  inches.  This  mirror  was  supported  by  means 
of  a cylindrical  rod  of  iron  screwed  to  the  back  of  the  cell 
which  contains  it,  on  two  upright  pieces  of  wood  mortised  into 
a square  board,  which  thus  formed  a frame  in  which  the  mirror 
might  be  fixed  in  any  required  position. 
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The  mirror  being  placed  to  receive  the  rays  of  the  sun,  I 
held  a card  at  such  a distance  within  the  focus,  that  the  lumi- 
nous circle  formed  by  reflection  was  equal  in  diameter  to  the 
width  of  the  card;  and  having  endeavoured  to  fix  in  my  mind 
the  degree  of  illumination,  I suddenly  removed  the  card  far 
beyond  the  focus,  and  then  brought  it  towards  the  mirror  till 
the  diameter  of  the' luminous  circle  was  the  same  as  before. 
In  this  position  the  degree  of  illumination  appeared  so  far  in- 
ferior to  that  before  observed,  as  to  admit  of  no  hesitation  in 
the  decision. 

Before  I proceed  to  detail  the  experiments  which  follow,  I 
must  premise  that  of  the  eight  persons  who  at  different  times 
were  employed  in  making  the  observations,  six  were  perfectly 
unacquainted  with  the  subject  of  inquiry,  and  two  of  the  six 
distinguished  in  the  column  of  observers  by  the  letters  C,  and 
W,  were  servants.  It  will  be  seen,  that  I did  not  trust  myself 
to  make  any  observations  till  the  fact  I sought  had  been  suf- 
ficiently established  by  others  to  leave  no  fear  on  my  mind 
that  I might  be  influenced  by  any  preconceived  opinion. 

I drew  a line  across  a card,  which  line  I divided  into  tenths 
of  an  inch.  The  mirror  was  placed  at  the  distance  of  fourteen 
feet  from  a candle,  and  the  card  moved  in  the  reflected  light 
within  the  focus  till  the  diameter  of  the  luminous  circle  was 
equal  to  the  width  of  the  card,  in  which  position  an  observer 
was  directed  to  remark  carefully  the  intensity  of  the  illumina- 
tion. The  card  was  then  suddenly  carried  far  beyond  the  focus 
and  brought  slowly  towards  it  till  the  observer  pronounced 
the  intensity  of  the  light  to  be  the  same  as  before,  at  which 
instant  I noted  the  diameter  of  the  luminous  circle  by  means 
of  the  divided  line  drawn  on  the  card : the  square  of  this 
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diameter  compared  with  the  square  of  the  diameter  of  the  first 
circle,  gave  the  ratio  of  the  intensity  of  light  at  equal  distances 
from  the  focus. 


Observers. 

Diameter  of  the  illu- 
minated circle  within 
the  focus. 

Diameter  of  the  cir- 
cle of  equal  illumi- 
nation without  the 
focus. 

Ratio  of  the  intensity 
of  the  light  at  equal 
distances  from  the 
focus. 

Within. 

Without. 

A 

24 

17 

1000 

5°  2 

B 

25 

17 

1000 

445 

K 

25 

17 

1000 

445 

C 

25 

1 8 

IOOO 

518 

Mean 

IOOO 

477>5 

I now  caused  a joint  to  be  made  in  front  of  the  board  support- 
ing the  mirror,  which  received  the  end  of  a light  rod  of  wood 
about  three  feet  in  length.  On  this  a thin  board  was  contrived 
to  slide  easily  at  right  angles,  and  the  rod  moving  stiffly  in 
the  joint,  could  be  set  to  any  elevation  so  as  to  receive  the 
light  reflected  from  the  mirror  on  the  thin  board.  The  board 
was  covered  with  white  paper  divided  by  perpendicular  lines 
at  the  distance  of  the  tenth  of  an  inch  from  each  other.  The 
observations  were  then  made,  and  the  ratio  of  the  light  deduced 
in  the  same  manner  as  in  the  preceding  experiments. 
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Observers. 

Diameter  of  the  illu- 
minated circle  within 
the  focus. 

Diameter  of  the  cir- 
cle of  equal  illumi- 
nation without  the 
focus. 

Ratio  of  the  intensity 
of  the  light  at  equal 
distances  from  the 
focus. 

Within. 

Without. 

Y 

24>3 

15.75 

IOOO 

420 

Y 

24  ,3 

l6',00 

1000 

4 S3 

K 

24>3 

14  >5° 

1000 

352 

K 

24>3 

1 6,25 

IOOO 

447 

K 

H>3 

16,25 

IOOO 

447 

M 

H’3 

l6,0O 

IOOO 

433 

M 

24>3 

16,50 

IOOO 

46*1 

M 

24>3 

15,00 

IOOO 

381 

Mean 

1000 

421,6 

Not  being  perfectly  satisfied  with  the  manner  in  which  these 
experiments  were  conducted,  I was  anxious  to  devise  some 
means  of  viewing  the  light  on  both  sides  of  the  focus  at  the 
same  time;  and  this  to  a certain  degree  I accomplished  in  the 
following  manner. 

I caused  two  small  blocks  of  wood  to  be  made  to  slide  easily 
on  the  rod  beforementioned,  and  cut  in  each  a notch  with  a 
fine  saw  to  receive  a slip  of  card  at  right  angles  to  the  rod. 
On  each  card  a circle  of  half  an  inch  in  diameter  was  drawn 
which  remained  white,  the  rest  of  the  card  being  painted  black. 
By  this  contrivance,  I could  receive  on  each  circle  a portion  of 
the  light  reflected  from  the  mirror  when  the  slips  of  card  were 
placed  one  within  the  focus,  and  the  other  without.  The  one 
without  the  focus  remained  stationary,  whilst  that  within  w^as 
shifted  till  the  observer  pronounced  the  white  circles  to  be 
equally  illuminated,  when  the  distance  between  the  cards  was 


238  Capt.  Kater/s  Appendix  to  further  Experiments 

carefully  measured.  At  the  conclusion  of  these  observations, 
the  card  next  the  mirror  was  moved  till  a perfect  image  of 
the  candle  was  formed  on  it,  when  its  distance  from  the  card 
beyond  the  focus  was  measured,  and  the  mean  of  a number  of 
these  last  observations  (differing  but  little  from  each  other) 
was  taken,  in  order  to  ensure  a more  accurate  result.  The* 
distance  of  each  card  from  the  focus  when  the  light  was  of 
equal  intensity  being  thus  obtained,  the  squares  of  those  dis- 
tances will  express  the  relative  intensity  of  illumination  at  equal 
distances  on  either  side  of  the  focus. 


With  white  circles  on  black  cards. 

Distance  of  the 

Distance  of  the 

Ratio  of  the  intensity 
of  the  licht  at  eoual 

white  circleswhen 

white  circle  from 

Distance  of  the 

distances 

from  the 

V-/  UOC1  f W1  Ji 

equally  illumina- 

the  focus  with- 

white  circle  from 

focus. 

ted. 

out. 

the  focus  within. 

Within. 

Without. 

Myself 

25,25 

IO, 

15,25 

IOOO 

430 

25.75 

IO, 

15,75 

IOOO 

4°3 

25,3° 

IO, 

15,3C 

IOOO 

437 

K 

25,13 

IO, 

1543 

IOOO 

437 

26,25 

IO, 

16,25 

IOOO 

379 

25,25 

IO, 

15,25 

IOOO 

43° 

C 

24,25 

IO, 

14,25 

IOOO 

492 

25,37 

IO, 

15,37 

IOOO 

423 

24,75 

IO, 

14,75 

IOOO 

460 

Mean 

IOOO 

431,2 

Conceiving  that  some  error  might  possibly  arise  from  the 
one  circle  being  nearer  to  the  eye  than  the  other,  I substituted 
for  them  transparent  disks  of  six-tenths  of  an  inch  diameter. 
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made  by  cutting  circular  holes  in  two  slips  of  black  card  paper, 
and  covering  them  with  fine  oiled  paper.  Small  shades  of  black 
card  paper  were  contrived  to  shield  the  disks  from  the  direct 
rays  of  the  candle.  The  disk  within  the  focus  being  made  the 
brightest,  was  moved  at  intervals  towards  the  mirror  till  the 
observer  pronounced  both  disks  to  be  equally  illuminated, 
when  their  distance  was  registered  as  the  “ first  reading”  The 
disk  within  the  focus  was  then  advanced  so  near  the  mirror, 
as  to  appear  much  the  faintest,  and  afterwards  brought  back 
gradually  till  the  illumination  of  the  disks  was  a second  time 
pronounced  to  be  equal,  when  their  distance  was  again  mea- 
sured and  entered  under  the  head  of  “ second  reading  ” and 
the  same  method  was  followed  in  all  the  subsequent  experi- 
ments. 


With  large  transparent  disks. 

Distance  of  the  candle  from  the  mirror  186  inches. 


Observers. 

Distance  of  the  disks 
when  equally  illumi- 
nated. 

Distance  of 
the  disk  lrom 
! he  focus 
without. 

Distance  of 
the  di^k  from 
the  focus 
within. 

Ratio  of  the  inten- 
sity of  the  light  at 
equal  distances  lrom 
the  focus. 

is!  reading. 

2d  reading 

Within. 

Without. 

Myself 

K 

26,45 

24.  5 

2,570 

2 5-  6 

3 

10,22 

15.77 

14.83 

IOOO 

IOCO 

427 

475 

Mean 

IOOO 

45' 

In  making  the  third  set  of  experiments  I remarked  that  a 
part  of  the  light  from  the  mirror  was  received  on  that  portion 
of  the  card  which  was  blackened,  and  fearing  that  this  circum- 
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stance  by  diverting  the  attention  from  the  white  circles  might 
occasion  an  inaccurate  decision,  I prepared  two  white  disks  of 
card  paper  half  an  inch  in  diameter,  which  were  supported  on 
black  wires,  and  these  I found  far  preferable  to  every  other 
contrivance  which  I employed.  Care  was  taken  to  place  the 
disks  as  near  the  axis  of  the  mirror  as  was  possible  without 
their  interfering  with  each  other. 

The  following  were  the  results. 


With  disks  of  card  paper  supported  on  wires. 
Distance  of  the  candle  from  the  mirror  186  inches. 

Observers 

Distance 

equal 

of  the  dish 
iy  illumina 

s when 
ted. 

Distance 
of  the  disk 
from  the 
focus 
without. 

Distance 
of  the  disk 
from  the 
focus 
within. 

Ratio  of  th 
sity  of  the 
equal  ciist; 
the  focus. 

e inten- 
ligh  at 
inces  from 

1st  reading. 

2d  reading. 

Mean. 

Within. 

Without. 

w 

K 

Myself 

K 

W 

Myself 

25>°7 

23>9o 

24,80 

23*40 

23*70 

23,82 

24*95 

24*8.5 

25,00 

24*95 

2435 

24,60 

25*01 

24*37 
24,90 
24,17 
24,02 
24,2  1 

9.8 

9.8 

9.8 

9.8 

9.8 

9.8 

15*21 

i4'57 

15*10 

14 =37 

14,22 

14*41 

IOOO 

IOOO 

IOOO 

IOOO 

IOOO 

IOOO 

4*5 

452 

421 

4 65 
475 

463 

- - 

Mean 

IOOO 

448*5 
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Imagining  that  the  superior  whiteness  of  plaister  of  Paris 
might  render  a slight  difference  of  light  more  perceptible  than 
it  could  be  by  the  card  disks,  I prepared  two  balls  of  this  sub- 
stance by  casting  them  in  a bullet  mould,  and  supported  them 
on  black  wires.  With  these  the  following  experiments  were 
made. 


, . . — — — — — — — — 

With  Plaister  of  Paris  balls. 

Distance  of  the  candle  from  the  mirror  186  inches. 

Ratio  of  the  inten- 

Distance  of  the  balls  when 

Distance 

Distance 

sity  of  the  light  at 

Observers 

equally  illuminated. 

of  the  balls 

of  the  balls 

equal  distances  from 

from  the 

from  the 

the  focus. 

focus 

focus 

• uuitfjuut . 

within. 

1st  reading. 

2d  reading. 

mean. 

Within. 

Without. 

w 

24,20 

24,43 

10, 

14.31 

IOOO 

488 

K 

2 5>5° 

24,8 

25,15 

10, 

15.15 

IOOO 

436 

Myself 

254° 

25.67 

25,53 

10, 

15,53 

IOOO 

415 

W 

24>77 

25,60 

25.18 

10, 

15.18 

IOOO 

434 

K 

24.77 

24. 15 

24,46' 

10, 

14»46 

IOOO 

478 

Myself 

24.85 

24.77 

24,8l 

10, 

14,8l 

IOOO 

456 

Mean 

IOOO 

45i. 1 

Lastly,  having  made  only  two  experiments  with  transparent 
disks,  and  those  being  or an  inconvenient  size,  I prepared  others 
four-tenths  of  an  inch  in  diameter,  which  were  constructed 
and  used  as  before. 


I i 
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With  small  Transparent  Disks. 

Distance  of  the  candle  from  the  mirror  186  inches. 


Ratio  of  the  inten- 

Distance  of  the  disks  when 

Distance 

Distance 

sity  of  the  light  at 

Observers 

equally  illuminated. 

of  the  disk 

ofthe  disk 

equal  distances  from 

from  the 

from  the 

the  focus. 

focus 

focus 

without. 

within. 

1st  reading. 

2d  reading. 

mean. 

Within. 

Without. 

w 

23,85 

26,50 

2547 

10,26 

1491 

IOOO 

474 

K 

25,20 

25,65 

2542 

10,26 

15,16 

IOOO 

458 

Myself 

25-37 

2543 

254° 

10,26 

1504 

IOOO 

459 

Mean 

IOOO 

465,7 

If  the  mean  results  of  the  various  experiments  be  now  col 
lected  they  will  appear  as  follows: 


1st  set.  By  the  diameters  of  the  circles  of 
illumination  - 
2d  — By  ditto  - 

3d  — By  white  circles  on  black  cards 
4th  — By  large  transparent  disks 
3th  — By  disks  of  card  paper  on  wires 
6‘(h  — By  Plaister  of  Paris  balls 
7th  — By  small  transparent  disks 

Mean 


IOOO 

477,5 

IOOO 

42  j ,6 

IOOO 

43 

IOOO 

45i>o 

IOOO 

4485 

IOOO 

451,1 

IOOO 

463-7 

IOOO 

449  >2 

The  following  method,  by  which  both  disks  may  be  seen 
at  the  same  instant,  was  suggested  by  a friend. 

I wo  lamps  were  procured,  and  the  wicks  being  trimmed  so 
that  the  flames  appeared  of  an  equal  size,  one  lamp  was 
placed  16  feet  from  the  mirror,  and  the  other  4 feet,  which 


on  the  Light  of  the  Cassegrainian  Telescope , &c.  243 

last  distance,  as  will  be  seen,  was  varied  in  the  course  of  the 
experiments.  Two  small  disks  of  card  paper  a quarter  of  an 
inch  in  diameter,  supported  on  wires,  were  fixed  on  one  of  the 
sliders,  one  inch  and  three  quarters  from  each  other,  and  both 
at  the  same  distance  from  the  mirror.  The  slider  being  placed 
between  the  two  foci  of  the  lamps,  they  were  arranged  so 
that  the  reflected  light  from  the  most  distant  lamp  fell  on  one 
of  the  disks  after  the  rays  had  crossed  at  the  focus,  and  that 
from  the  nearest  lamp  was  received  by  the  other  disk  before 
the  rays  arrived  at  the  focus.  The  slider  was  then  moved 
between  the  foci  till  the  disks  appeared  equally  illuminated, 
when  the  division  (the  rod  being  divided  into  inches  and 
tenths)  cut  by  the  slider  was  registered.  The  slider  was 
then  moved  till  a well  defined  image  of  the  furthest  lamp  ap- 
peared on  the  disk,  and  the  division  cut  by  the  slider  being 
noted,  the  distance  of  the  disks,  when  equally  illuminated, from 
the  focus  of  the  furthest  lamp  was  readily  obtained.  The  foci 
of  the  two  lamps  being  calculated,  their  difference  was  known, 
and  by  means  of  it,  and  the  distance  of  the  disks  from  the  focus 
of  the  furthest  lamp,  their  distance  from  the  focus  of  the 
nearest  lamp  was  determined.  The  mean  of  several  readings 
was  in  every  instance  taken  to  insure  a more  accurate  result, 
and  the  lamps  were  changed  during  each  experiment,  in 
order  to  obviate  any  error  which  might  arise  from  the  inequa- 
lity of  their  light.  The  rays  from  the  distant  lamp  were  first 
thrown  on  the  right  hand  disk,  and  in  the  subsequent  series 
on  the  left ; by  which  the  error  arising  from  any  shade  of  dif- 
ference in  the  disks  (if  such  existed)  was  corrected. 

Let  L,  be  the  distance  of  the  furthest  lamp. 

1,  That  of  the  nearest. 

I i 2 
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f,  The  focus  of  the  furthest  lamp. 

F,  The  focus  of  the  nearest  lamp. 

d,  The  distance  of  the  disks  from  the  focus  of  the  furthest 
lamp  when  equally  illuminated. 

D,  The  distance  of  the  disks  from  the  focus  of  the  nearest 
lamp  when  equally  illuminated. 

Then  the  relative  intensity  of  the  light  at  equal  distances  on 

each  side  of  the  focus  will  be  J 


Lxrf 


JL 

/xD: 


With  disks  of  card  paper.  Distance  of  the  furthest  lamp 

16  feet. 

Rays  trom  the  farthest  lamp  on  the  right 
hand  disk 

Rays  from  the  furthest  lamp  on 
the  left  and  disk. 

Distance 
of  the 
nearest 
lamp 

Distance  of  disks 
from  the  focus  when 
equally  illuminated. 

Intensity  of 
light  without 
the  focus,  that 
within  being 
1000. 

Distance  of  disks 
from  the  focus  when 
equally  illuminated. 

Intensity  of 
light  without 
rhe  focus,  that 
within  being 

I GOO. 

Without. 

Within. 

Without. 

Within. 

5 

6 

7 

1-74? 

147 

1,14 

8,77 

5 76 
4,10 

804 

763 

5S7 

i>75 

1 >57 
1 ,32 

8,7b 

5 

815 

901 

857 

The  mean  of  these  experiments  gives  the  intensity  of  light 
within  the  focus  to  that  without,  as  1000  : 788. 

Disks  of  glass  ground  on  both  sides  were  now  substituted 
for  those  of  card  paper,  and  with  these  the  following  experi- 
ments were  made  with  the  utmost  care. 
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With  disks  of  ground  glass.  Distance  of  the  furthest  lamp 

16  feet. 

Rays  from  the  furthest  limp  on  the  right 
hand  disk. 

Rays  from  the  furthest  lamp  on  the 
left  hand  disk 

Distance 
of  the 
nearest 
lamp. 

Distance  of  disks 
from  the  focus  when 
equally  illuminated. 

In?encity  of 
light  without 
the  focus,  that 
within  being 
1000. 

Distance  of  disks 
from  the  fo  us  when 
| equally  illuminated. 

Intensity  of 
l:ght  withoui 
rhe  foe  is,  that 
w thin  being 

IOOO. 

Without. 

Within. 

■ 

W’lthout 

Within. 

4 

5 

6 

»-r 

/ 

2.58 
1,80 
1 ,3b' 

1 ,l6 

14  28 

8,71 

5>8  7 
4 08 

1441 

872 

62  9 

614 

F71 

i,52 

1,34 

1,17 

15.15 
8.9.9 
5 89 

4-°7 

56  3 

584 

6c6 
62  y 

From  these  experiments,  the  intensity  of  light  within  the 
focus  to  that  without  appears  to  be,  as  1000  : 742;  but  as  the 
first  experiment  is  evidently  erroneous,  if  it  be  rejected,  the 
intensity  of  the  light  within  the  focus  to  that  without,  will  be 
as  1000  : 655. 

The  difference  of  these  results  from  those  obtained  by  the 
methods  detailed  in  the  former  part  of  this  paper,  led  me  to 
examine  the  intensity  of  the  light  of  both  cones  of  rays  zvithin 
the  foci.  For  this  purpose,  the  following  experiments  were 
made. 
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With  disks  of  ground  glass  within  the  foci. 
Distance  of  the  furthest  lamp  16  feet. 

Rays  from  the  furthest  lamp  on  the  right 
hand  disk. 

Rays  from  the  furthest  lamp  on  the  left 
hand  disk. 

Distance  of  the 
nearest  lamp. 

Distance  of 
the  disks 
when  equal- 
ly illumina- 
ted trom  the 
focus  of  the 
furthest 
lamp. 

Distance  of 
the  disks 
when  equal- 
ly illumina- 
ted from  the 
focus  of  the 
nearest 
lamp. 

Intensity 
ofthelight 
within  the 
focus  of 
the  fur- 
thest lamp, 
that  with- 
in the  fo- 
cus of  the 
nearest 
being 
1000. 

Distance  of 
the  disks 
when  equal- 
ly illumina- 
ted from  the 
focus  of  the 
furthest 

lamp. 

•*. 

Distance  of 
the  disks 
when  equal- 
ly illumina- 
ted from  the 
focus  of  the 
nearest 
lamp. 

Intensity 
ofthelight 
within  the 
focus  of 
the  fur- 
thestlamp, 
that  with- 
in the  fo- 
cus of  the 
nearest 
being 
1000. 

Mean. 

4 

5 

6 

7 

8 

3,38 

3,22 

3,3° 

3,26 

8>'9 

20,24 

13,73 

10,53 

8,50 

6,99 

1231 
H24 
1151 
1117 
1 10S 

3,14 

3,23 

3>i6 

3,12 

2,98 

20,00 

13,74 

10,39 

8,36 

6,88 

1089 

1129 

1084 

1058 

998 

1 l6o 
1126 
1117 
1087 
1053 

From  these  last  experiments,  it  should  seem  that  a portion 
of  the  light  forming  the  cone  of  rays  from  the  nearest  lamp 
is  destroyed  by  the  interference  of  the  cone  of  rays  from  the 
furthest  lamp ; but  this  is  an  inference  too  improbable  to  be 
received  as  conclusive  without  further  experiments. 

The  preceding  method  of  determining  the  proportional  in- 
tensity of  light  without  the  focus  to  that  within,  is  not  much 
to  be  relied  upon,  from  the  circumstance  of  the  light  after  it 
has  crossed  at  the  focus  appearing  of  a deeper  yellow  colour  than 
before,  which  renders  it  extremely  difficult  to  decide  when 
the  disks  are  equally  illuminated  ; the  circle  of  light,  too,  from 
the  furthest  lamp  being  very  small  so  near  the  focus,  and  its 
illumination  unequal  in  different  parts,  forms  another  source 
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of  error;  from  these  objections,  however,  I must  observe, 
the  experiments  made  within  both  foci  are  in  a great  measure 
exempt. 

With  respect  to  the  experiments  detailed  in  the  preceding 
part  of  this  paper,  it  may  be  remarked  in  their  favour,  that 
the  observations  were  made  by  eight  different  persons  at 
various  times,  and  by  different  methods,  and  that  the  near 
coincidence  of  the  results  with  each  other,  and  with  the  num- 
bers deduced  from  the  experiments  made  with  the  Cassegrai- 
nian and  Gregorian  telescopes,  seem  to  warrant  the  conclusion 
that  a mean  of  the  whole  may  be  considered  as  a tolerable 
approximation  to  the  truth. 


London,  April  20,  1814. 
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XIV.  Astronomical  Observations  relating  to  the  sidereal  part  of  the 
Heavens,  and  its  Connection  with  the  nebulous  part ; arranged  for 
the  purpose  of  a critical  Examination . By  William  Herschel, 
LL.D.  F.R . S . 

Read  February  24,  1814. 

In  my  paper  of  observations  of  the  nebulous  part  of  the  hea- 
vens, I have  endeavoured  to  shew  the  probability  of  a very 
gradual  conversion  of  the  nebulous  matter  into  the  sidereal 
appearance  The  observations  contained  in  this  paper  are  in- 
tended to  display  the  sidereal  part  of  the  heavens,  and  also  to 
shew  the  intimate  connection  between  the  two  opposite  ex- 
tremes, one  of  which  is  the  immensity  of  the  widely  diffused 
and  seemingly  chaotic  nebulous  matter ; and  the  other,  the 
highly  complicated  and  most  artificially  constructed  globular 
clusters  of  compressed  stars. 

The  proof  of  an  intimate  connection  between  these  extremes 

* 

will  greatly  support  the  probability  of  the  conversion  of  the 
one  into  the  other;  and  in  order  to  make  this  connection  gra- 
dually visible,  I have  arranged  my  observations  into  a series 
of  collections,  such  as  I suppose  will  best  answer  the  end  of  a 
critical  examination. 
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I.  Of  Stars  in  remarkable  situations  with  regard  to  Nebula  * 

Among  the  great  number  of  stars,  with  nebulosity  dispersed 
between  them  are  some  in  situations  that  deserve  to  be  re- 
marked. 

IV,  5 is  “ A pretty  bright  star  situated  exactly  north  of  the 
“ center  of  an  extended  milky  ray,  which  is  about  15  or  *0 
“ minutes  in  length/'  By  a second  observation,  two  years 
after  the  first,  it  appeared  that  the  star  was  then  included  in 
part  of  the  nebulosity. 

V,  46  is  “ A pretty  bright  star  in  the  middle  of  a very  bright 
“ nebula,  about  10  minutes  in  length  and  2'  broad."  See 
fig.  1. 

Ill,  616  is  “ A star  of  the  6th  magnitude,  about  5'  north  of 
“ a very  faint  nebula,  of  an  irregular  figure."  By  an  obser- 
vation of  the  same  star,  two  years  before,  the  two  objects  were 
then  so  near  each  other,  as,  at  first  sight,  to  cause  a suspicion 
that  some  damp  had  settled  upon  the  eye-glass  and  affected 
the  star. 

The  singularity  that  five  stars  should  be  similarly  situated 
with  regard  to  nebulae  is  not  very  striking;  but  the  difference 
in  the  additional  observation  is  worthy  of  notice,  and  may 
suggest  a surmise  that  nebulae  may  have  considerable  proper 
motions,  by  which  they  are  occasionally  carried  towards  neigh- 
bouring stars:  the  difference  in  the  clearness  of  the  atmosphere 

* See  five  stars  in  remarkable  situations.  11,246.  Ill,  201.616.  IV.  5.  46.  The 
places  of  these  objects  will  be  found  in  three  catalogues  of  nebulae  and  clusters  of  stars, 
published  in  the  Philosophical  Transactions  for  1786,  1789,  and  1802.  The  refer- 
ence IV,  5 for  instance,  points  out  number  5,  in  the  IVth  class. 
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at  different  times,  however,  ought  to  make  us  cautious  about 
assigning  the  cause  of  the  difference  in  the  observations. 

s.  Of  two  Stars  with  nebulosity  between  them.* 

A- more  remarkable  situation  than  the  former  is  that  of  two 
stars  with  nebulosity  between  them,  or  both  included  in  the 
same  nebulosity. 

Ill,  67  is  “ An  extremely  faint  nebulosity  extended  from 
“ one  star  to  a smaller  one,  at  the  distance  of  about  2 minutes 
“ south  of  the  former.”  See  fig.  2. 

II,  70 6.  “ Two  considerable  stars  are  involved  in  a very 
“ faint  nebulosity  of  3 or  4 minutes  in  extent.”  See  fig.  3. 

Here  I have  referred  to  19  instances,  where  two  stars  have 
an  extended  nebulosity  between  them,  or  at  least  are  both 
contained  within  it.  Now,  if  we  were  to  enter  into  a calcula- 
tion of  chances  to  investigate  the  probability  that  in  every  one 
of  these  19  objects,  the  stars  and  the  nebulosity  should  be 
unconnected,  we  should  have  to  consider  that  in  order  to 
produce  this  appearance  by  three  objects  at  a distance  from 
each  other,  it  would  be  required  that  every  one  of  them  should 
be  precisely  in  a given  line  of  sight,  and  that  the  nebulosity 
should  not  only  be  in  the  middle  of  them,  but  that  it  also  should 
be  extended  from  the  situation  of  one  star  to  that  of  the  other; 
and  that  all  this  should  happen  in  the  confined  space  of  a few 
minutes  of  a degree ; which  cannot  be  probable.  Then,  if  on 
the  other  hand  we  recollect  that  in  the  8th,  9th,  and  10th  ar- 
ticles of  my  paper  on  the  nebulous  part  of  the  heavens,  I have 
given  139  double  nebulas  joined  by  nebulosity  between  them, 

* See  nineteen  double  stars  joined  by  intermediate  nebulosity  II,  16.  706.  732. 
Ill,  19.  32.  67.  68.  1 13.  126.  182.  200.  312.  376.  540.  637.  757.  785.  820.  854. 
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and  that  we  have  now  before  us  19  similar  objects,  with  no 
other  difference  than  that  instead  of  nebulas  we  have  stars 
with  nebulosity  remaining  between  them,  should  we  not  sur- 
mise that  possibly  these  stars  had  formerly  been  highly  con- 
densed nebulae,  like  those  that  have  been  mentioned,  and  were 
now7  by  gradually  increasing  condensation  turned  into  small 
stars ; and  may  not  the  nebulosity  still  remaining  shew  their 
nebulous  origin  ? 

When  to  this  is  added  that  we  also  have  an  account  of 
700  double  stars  entirely  free  from  nebulosity,*  many  of 
which  are  probably  at  no  great  real  distance  from  each  other, 
it  seems  as  if  we  had  these  double  objects  in  three  different 
successive  conditions:  first  as  nebulae;  next  as  stars  with  re- 
maining nebulosity ; and  lastly  as  stars  completely  free  from 
nebulous  appearance. 

3.  Of  Stars  with  nebulosities  of  various  shapes  attached  to  them . 

When  a nebula  seems  to  be  joined  to  a star,  or  closely 
pointing  to  it,  the  manner  of  its  appearance  deserves  our 
attention.-  Here  follow  three  different  sorts  of  such  conjunc- 
tion s.-f 

First  sort ; 1, 143  “ On  the  north  preceding  side  of  a pretty 
“ bright  star  is  a considerable,  bright  nebulosity.  It  is  joined 
“ to  the  star  so  as  to  appear  like  a brush  to  it.  See  fig.  4/* 

Second  sort ; IV,  4 “ A very  small  star  has  an  extremely 

* See  Phil.  Trans,  for  1782,  page  12  ; and  for  1785,  page  40. 

4 See  fourteen  stars  connected  with  nebulae. 

Nine  with  a brush  I,  143.  II,  214.  683.  Ill,  643.  IV,  10.  17.  29.  40.  77. 

Two  with  a puff  IV,  4.  3. 

Three  with  fan- shaped  nebulosity  IV,  2.  35 .66. 
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“ faint,  and  very  small  nebula  attached  to  it  in  the  shape  of 
“ a puff.”  See  fig.  5. 

Third  sort;  IV,  35  “ A small  star  has  a small,  faint,  fan- 
" shaped  nebulosity  joining  to  it  on  the  north  preceding  side/' 
See  fig.  6. 

Here  we  have  a list  of  fourteen  objects,  in  which  the  pro- 
bability of  a union  between  the  nebulosities  and  the  stars 
will  gradually  become  more  apparent.  With  regard  to  the 
first  nine,  the  particularity  of  their  construction  is  already 
very  pointed : the  conditions  are  that  the  nebulosity  must  be 
extended ; the  direction  of  its  extension  must  be  exactly  to- 
wards the  star,  and  it  must  also  be  apparently  just  near  enough 
to  touch  it;  but  that  all  this  should  happen  cannot  be  probable; 
whereas  a real  contact  of  the  objects,  held  together  by  mutual 
gravitation,  will  readily  account  for  the  whole  appearance. 

In  the  two  next  objects  there  is  already  some  indication  of 
a union  between  the  nebula  and  the  star,  for  the  roundness  of 
the  nebulosity  appeared  to  be  a little  drawn  out  of  its  figure 
towards  the  star. 

But  the  last  three  instances,  in  which  the  whole  mass  of 
nebulous  matter  is  pointedly  directed  to  the  stars,  and  in  con- 
tact with  them,  can  hardly  leave  any  room  for  doubting  a union 
between  them. 

Now  if  we  admit  a contact,  or  union  between  these  nebulae 
and  the  stars,  it  deserves  to  be  remarked  that  stars,  in  the 
situation  of  these  fourteen,  cannot  have  been  formed  from 
their  adjoining  nebulosities ; for  a gradual  condensation  of  the 
nebulous  matter  would  have  been  central ; whereas  the  stars 
are  at  the  extremity  of  the  nebulae.  It  is  therefore  reasonable 
to  suppose  that  their  conjunction  must  be  owing  to  some 
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motion  either  of  the  stars  or  of  the  nebulous  matter:  a mutual 
attraction  might  draw  them  together.  In  either  of  these  cases 
it  would  follow,  that  if  the  nebulosity  should  subside  into  the 
star,  as  seems  to  be  indicated  by  the  assumed  form  of  the  fan- 
shaped nebulas,  the  star  would  receive  an  increase  of  matter 
proportional  to  the  magnitude  and  density  of  the  nebulosity 
in  contact  with  it.  This  would  give  us  the  idea  of  what  might 
be  called  the  growth  of  stars. 

4.  Of  Stars  with  nebulous  branches . 

That  an  intimate  connection  between  the  nebulous  matter 
and  a star  is  not  incompatible  with  their  nature  will  clearly 
appear  by  the  following  instances,  in  which  a union  is  mani- 
fested that  cannot  be  mistaken  for  a deceptive  appearance.* 

IV,  42  is  “ A star  of  about  the  8th  or  9th  magnitude  with 
“ very  faint  nebulous  branches  extended  in  the  direction  of  the 
“ meridian:  each  branch  is  about  one  minute  in  length.  Other 
“ stars  of  the  same  size,  and  at  the  same  time  in  view,  are 
“ free  from  these  branches/'  See  fig.  7. 

The  three  objects  to  which  I have  referred  shew  sufficiently 
that  stars  and  nebulae  may  be  connected ; for  a little  swelling 
and  increase  of  light  of  the  branches,  at  their  junction  with 
the  star,  which  generally  takes  place,  seems  evidently  to  be 
an  effect  arising  from  the  gravitation  of  the  nebulous  matter 
towards  a center,  in  which  the  star  is  situated. 

Here  again  the  visible  effect  of  gravitation  supports  the  idea 
of  the  growth  of  stars  by  the  gradual  access  of  nebulous  mat- 
ter ; for  in  the  present  case  I may  refer  to  the  observations 
already  published  in  the  Phil.  Trans,  for  181 1,  where,  page 

* See  three  stars  with  nebulous  branch ;s  IV,  42.  43.  48. 
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301,  we  have  an  account  of  twenty-four  extended  nebulas, 
gradually  a little  brighter  in  the  middle ; page  303  there 
are  fifty  extended  nebulas,  with  an  increased  brightness  to- 
wards the  middle;  page  304,  we  have  fifty-four  extended 
nebulae,  with  a much  greater  accumulation  of  brightness  ; 
page  307  there  are  seven  extended  nebulae,  in  which  the  cen- 
tral increase  of  brightness  approaches  towards  the  formation 
of  a nucleus.  Page  309,  we  have  twenty-seven  extended 
nebulae,  in  which  the  central  nucleus  is  already  formed;  and 
finally,  page  311  contains  the  account  of  twenty-three  ex- 
tended nebulae,  where  the  nebulosity  seems  to  have  so  far 
subsided  into  the  nucleus,  as  to  leave  only  two  opposite  faint 
branches.  Who  then  that  has  followed  up  the  gradual  con- 
densation of  an  extended  nebula  till  it  appeared  in  the  shape 
of  a bright  nucleus  with  faint  branches,  and  finds  now  in  the 
center  of  two  such  opposite  faint  branches,  instead  of  a con- 
densed nucleus,  a star — who,  I may  ask,  would  not  rather 
admit  that  the  nucleus  had  gradually  cleared  up  in  brightness, 
and  assumed  the  lustre  of  a star,  than  have  recourse  to  the 
most  improbable  of  all  hypotheses,  that  a fortuitous  central 
meeting  of  a star  and  a nebula  should  be  the  cause  of  such  a 
singular  appearance  ? 

5.  Of  nebulous  Stars  * 

The  conjunction  of  the  nebulous  and  sidereal  condition  is 
still  more  clearly  manifested  in  nebulous  stars.  Having 
already  described  many  of  them  in  a paper  read  before  the 
Royal  Society  in  1791 , I shall  here  only  mention  two  of 
them. 

* See  thirteen  nebulous  stars  IV,  19,  25.  36.  38.44.  45.  52.  57.  58.  65.  69.  71.  74. 
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IV,  45.  “ A star  of  about  the  9th  magnitude  has  a pretty 
“ strong  milky  nebulosity  equally  dispersed  all  around  it." 

IV,  69  is  “ A star  of  about  the  8th  magnitude  with  a faint 
“ luminous  atmosphere  of  a circular  form  of  about  3 minutes 
“ in  diameter ; the  star  is  perfectly  in  the  center,  and  the  at- 
il  mosphere  is  so  diluted,  faint,  and  equal  throughout,  that 
“ there  can  be  no  surmise  of  its  consisting  of  stars,  nor  can 
“ there  be  a doubt  of  the  evident  connection  between  the 
“ atmosphere  and  the  star."  See  fig.  8. 

Among  the  thirteen  objects  referred  to,  there  are  many  so 
variously  constructed  as  to  prove  not  only  that  nebulous  stars 
are  intimately  connected  with  a nebulosity,  which  from  its 
great  regularity  might  be  taken  for  an  atmosphere,  but  also 
with  the  luminous  appearances,  which  have  been  described  as 
belonging  to  the  nebulous  matter  that  is  so  widely  expanded 
over  various  regions  of  the  starry  heavens.  For  instance,  in 
IV,  45.  58.  65  and  69  the  stars  are  perfectly  central,  which 
proves  that  the  chevelure  is  connected  with  them.  In  IV,  36. 
71  and  74  the  nebulosity  is  likewise  attached  to  the  stars,  but 
their  nebulosity  is  more  irregularly  and  extensively  expanded, 
so  as  to  resemble  the  general  mass  of  nebulous  matter. 

What  has  been  said  of  the  gradual  condensation  of  the  ne- 
bulous matter  in  the  case  of  extended  nebulas,  is  supported  by 
a much  greater  number  of  nebulosities  of  a spherical  form. 
The  different  gradations  of  their  condensation  are  pointed  out 
in  the  same  paper  from  page  301  to  308;  and  contain  322 
cases  in  which  the  fact  of  the  gradual  condensation  is  rendered 
so  evident  as  not  to  admit  of  a doubt.  Then,  if  instead  of  the 
last  13  globular  nebulse,  page  309,  each  of  which  has  a nu- 
cleus in  the  middle,  we  now  look  at  our  13  stars,  each  of 
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which  is  situated  in  the  very  center  of  a globular  nebulosity, 
it  will  evidently  point  out  the  high  probability,  or  rather  the 
certainty,  that  nebulous  stars  only  differ  from  round  nebulae 
containing  a nucleus,  in  the  order  of  condensation,  which  in 
the  case  of  the  nebulous  stars,  has  been  carried  to  a somewhat 
higher  degree  than  in  the  nebulous  nuclei. 

6.  Of  Stars  connected  with  extensive  windings  of  nebulosity .* 

The  nebulosity  which  has  been  shewn  to  be  connected  with 
stars  may  be  fully  proved  to  be  of  the  same  nature  as  the 
general  mass  of  nebulous  matter  by  the  following  instances. 

IV,  33.  “A  star  situated  upon  a ground  of  extremely  faint 
“ milky  nebulosity  diffused  over  this  part  of  the  heavens,  has 
“ a milky  chevelure  surrounding  it,  which  is  brighter  than 
“ the  nebulosity  of  the  ground;  but  which  loses  itself  imper- 
“ ceptibly  in  the  extreme  faintness  of  the  general  diffusion  of 
" the  nebulous  matter."  See  fig.  9. 

The  formation  of  these  objects  is  extremely  instructive,  as 
it  manifests  the  affinity  between  the  matter  of  which  stars  are 
composed,  and  that  of  the  most  unshapen  chaotic  mass  of  ne 
bulosity.  For  the  vanishing  chevelure  of  a star  being  equally 
connected,  on  the  one  hand,  with  the  generally  diffused  nebu- 
lous matter,  and  on  the  other  with  the  star  itself,  round  which 
it  is  in  a state  of  gradual  condensation  ; this  double  union  de- 
notes the  mutual  gravitation  of  the  whole  mass  of  nebulosity 
and  the  star  towards  each  other ; and  unless  this  proof  can  be 
invalidated,  we  must  admit  the  fact  of  the  growing  condition 
of  stars,  that  are  in  the  situation  which  has  been  pointed  out. 

This  argument  also  adds  greatly  to  the  probability  of  stars 

* See  three  stars  connected  with  diffusions  of  nebulosity  IV,  24.  33.  V.  27. 


257 


relating  to  the  sidereal  part  of  the  Heavens. 

being  originally  formed  by  a condensation  of  the  nebulous 
matter;  for,  as  it  now  appears  that  stars  must  receive  an  addi- 
tion to  their  solid  contents,  when  they  are  in  contact  with  ne- 
bulosity, there  is  an  evident  possibility  of  their  being  originally 
formed  of  it.  Moreover,  the  affinity  between  the  nebulous 
and  sidereal  condition  being  established  by  these  observations, 
we  may  be  permitted  to  conceive  both  the  generation  and 
growth  of  stars,  as  the  legitimate  effects  of  the  law  of  gravi- 
tation, to  which  the  nebulous  matter,  as  proved  by  observation, 
is  subject. 

7.  Of  small  patches  consisting  of  Stars  mixed  with  nebulosity. 

When  a small  patch  of  stars  is  mixed  with  nebulosity,  there 
is  a possibility  of  its  being  a deception  arising  from  their  being 
accidentally  in  the  same  line  of  sight;  but  it  has  already  been 
shewn  that  in  such  appearances  the  probability  is  much  in 
favour  of  a real  union ; especially  when  the  objects  are  nu- 
merous ;*  and  in  that  case  there  are  but  two  ways  of  account- 
ing for  it. 

First,  admitting  from  what  has  been  said,  that  stars  may 
be  formed  of  nebulous  matter,  it  may  happen  that  the  nebu- 
losity still  mixed  with  them  is  some  remaining  unsubsided 
part  of  that  from  which  they  were  formed ; and  in  the  next 
place,  a union  of  stars  and  nebulosity,  originally  at  a distance 
from  each  other,  may  have  been  effected  by  the  motion  of 
either  the  stars  or  the  nebulosity. 

* See  thirty-seven  small  patches,  consistmg  of  stars  mixed  with  nebulosity  I,  172. 
192,  258.  II,  21.  39.  103.  304.  489.  745.  878.  Ill,  8.  43.  61.  64.  71.  143.  144.  146. 
147.  165.  185.  204.  227.  256.  271.  349.  471.  538.  559.  560.  568.  583.  595.  697. 
922.  IV,  75*  49- 
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That  such  motions  may  happen  has  been  shewn  in  the  third 
article,  which  contains  instances  of  the  conjunction  of  stars 
with  nebulosities  of  which  they  cannot  have  been  formed,  and 
which  must,  consequently,  have  been  united  by  motion.  We 
also  know  that  nebulae  are  subject  to  great  changes  in  their 
appearance,  which  proves  that  some  of  the  nebulous  matter  in 
their  composition  must  be  in  motion;  instances  of  which  have 
been  given  in  the  luminous  nebulosity  of  the  constellation  of 
Orion.*  It  may  therefore  be  easily  conceived  that  any  mov- 
ing patch  of  nebulous  matter  must  be  arrested  on  its  meeting 
with  stars;  especially  if  several  of  them  should  happen  to  be 
pretty  near  each  other;  in  which  case  there  will  be,  as  it  were, 
a net  spread  out  for  intercepting  every  nebulosity  that  comes 
within  the  reach  of  their  attraction. 

II,  304,.  “ Three  or  four  stars  of  various  sizes  are  mixed 
“ with  pretty  strong  nebulosity/' 

III,  165.  “ Five  or  six  stars  forming  a parallelogram,  are 
“ mixed  with  very  faint  milky  nebulosity/' 

III,  697.  “ Several  small  stars  are  contained  in  faint  nebu- 
“ losity  about  3 or  4 minutes  long  and  \ broad."  See  fig.  10. 

IV,  75.  “ Three  stars  of  about  the  9th  or  10th  magnitude 
“ are  involved  in  pretty  strong  milky  nebulosity." 

This  collection  of  thirty-seven  objects,  consisting  of  2,  3,  4, 
£,  6,  or  more  small  stars  that  are  mixed  with  nebulosity,  con- 
tains a variety  of  instances  in  which  the  effect  that  has  been 
mentioned  of  the  interception  of  the  nebulous  matter  may  have 
taken  place.  It  is  very  obvious  that  nothing  positive  can  be 
said  about  the  formation  of  so  many  starry-nebulous  patches; 
for  unless  by  long  continued  observation  of  the  same  patches 

* Phil.  Trans,  for  i8u,  p.  320. 
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we  could  be  acquainted  with  every  change  that  may  happen 
in  the  nebulosity  or  in  the  magnitude  of  the  stars  which  appa- 
rently compose  them,  their  real  union  and  construction  must 
remain  unknown.  We  can  only  hint,  that  every  nebulosity 
which  is  carried  into  the  region  of  a small  patch  of  stars  will 
probably  be  gradually  arrested  and  absorbed  by  them,  and 
that  thus  the  growth  of  stars  may  be  continued. 

8.  Of  objects  of  an  ambiguous  construction . 

From  objects  consisting  decidedly  of  stars,  but  which  either 
have  nebulosity  mixed  with  them,  or  are  in  such  situations  as 
to  be  seen  in  the  same  line  with  nebulosity,  I proceed  to  give 
an  account  of  some  others,  of  which  my  observations  have  not 
ascertained  into  what  order  we  ought  to  class  them. 

It  has  been  remarked,  on  a former  occasion,  that  clusters 
of  stars,  when  they  are  at  a great  distance,  may  assume  a ne- 
bulous appearance.*  This  may  be  experienced  by  observing 
a certain  celestial  object  with  a telescope  of  an  inferior  space- 
penetrating  power,  through  which  it  will  be  seen  as  a nebula; 
whereas  with  an  instrument  which  has  a higher  degree  of  this 
power,  its  appearance  will  be  a mixture  of  nebulosity  and 
stars ; and  if  this  power  of  the  telescope  is  of  a still  higher 
order,  the  stars  of  the  same  object  will  then  be  distinctly  per- 
ceived : the  nebulosity  will  no  longer  be  seen,  and  the  object 
will  be  entitled  to  be  placed  into  the  rank  of  clusters  of 
stars. 

Other  objects  there  are,  where  a greater  space-penetrating 
power  will  only  increase  the  brightness  of  the  nebulosity,  and 
at  the  same  time  make  the  tinge  of  it  more  uniformly  united 

Phil.  Trans,  for  1811,  page  270. 
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and  of  a milky  appearance,  which  will  decide  it  to  be  purely 
nebulous. 

But  when  an  object  is  of  such  a construction,  or  at  such  a 
distance  from  us,  that  the  highest  power  of  penetration,  which 
hitherto  has  been  applied  to  it,  leaves  it  undetermined  whether 
it  belong  to  the  class  of  nebulas  or  of  stars,  it  may  then  be 
called  ambiguous.  As  there  is,  however,  a considerable  dif- 
ference in  the  ambiguity  of  such  objects,  I have  arranged  71 
of  them  into  the  following  four  collections.* 

The  first  contains  seven  objects  that  may  be  supposed  to 
consist  of  stars,  but  where  the  observations  hitherto  made,  of 
either  their  appearance  or  form,  leave  it  undecided  into  which 
class  they  should  be  placed. 

Connoiss.  31  is  “ A large  nucleus  with  very  extensive  ne- 
“ bulous  branches,  but  the  nucleus  is  very  gradually  joined  to 
“ them.  The  stars  which  are  scattered  over  it  appear  to  be  be- 
“ hind  it,  and  seem  to  lose  part  of  their  lustre  in  the  passage  of 
“ their  light  through  the  nebulosity ; there  are  not  more  of  them 
“ scattered  over  the  nebula  than  there  are  over  the  immediate 
“ neighbourhood.  I examined  it  in  the  meridian  with  a mirror 
“ 24  inches  in  diameter,  and  saw  it  in  high  perfection;  but  its 
“ nature  remains  mysterious.  Its  light,  instead  of  appearing 
“ resolvable  with  this  aperture,  seemed  to  be  more  milky.” 

* See  seventy-one  ambiguous  objects,  in  four  collections. 

First  collection  II,  400.  Ill,  379.  693.  745.  V,  2.  Connoiss.  1.  31. 

Second  collection  I,  46.  50.  II,  27.  78.  79.  180.  195.  199.  207.  554.  609.  771.  822. 
850.  855.  Ill,  3.  101.  239.  399.  455.  696.  725.  743.  IV,  22.  Connoiss.  57.  70. 

Third  collection  I,  44.  47.  II.  47.  48.  76.  105.  202.  279.  283.  469.  473.  500.  608. 
S08.  Ill,  47.  53.  55.  134.  288.  580.  747.  910.  V,  1.  VI,  38.  Connoiss.  81.  82. 

Fourth  collection  I,  52.  103.  122.  249.  288.  II,  4.  84.  584.  V,  3.  VI,  15,  20. 
Connoiss.  100. 
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The  objects  in  this  collection  must  at  present  remain  am- 
biguous. 

The  next  contains  26  nebulous  objects,  of  which  the  figure 
has  been  ascertained  to  be  round  or  nearly  round. 

II,  101  is  “ A pretty  large,  round,  extremely  faint  easily 

resolvable  nebula.  I can  almost  see  the  stars  in  it.  See 
fig.  11. 

Connoiss.  57  is  “ An  oval  nebula  with  an  eccentric  oval  dark 
<c  space  in  the  middle ; there  is  a strong  suspicion  of  its  con- 
“ sisting  of  stars.  The  diameter,  measured  by  the  large  10 
“ feet  telescope,  is  i'  28", 3.” 

The  globular  form  of  the  objects  in  this  collection,  which 
is  deduced  from  their  round  figure,  will  so  far  ascertain  the 
manner  of  their  construction,  that  they  must  either  be  still  in 
a condensed  state  purely  nebulous,  or  else,  if  consisting  of 
stars,  that  they  must  be  already  in  a far  advanced  order  of 
compression,  and  only  appear  nebulous  on  account  of  their 
very  great  distance  from  us.  A middle  state  between  the 
progressive  condensation  of  a globular  nebula  and  a cluster 
of  stars  can  have  no  existence  ; because  a globular  nebulosity 
when  condensed  can  only  produce  a single  star.  There  is, 
however,  a possibility  that  a mass  of  nebulous  matter  in  mo- 
tion may  be  intercepted  by  a globular  cluster,  in  which  case 
the  nebulosity  must  soon  assume  the  form  of  the  cluster,  and 
will  finally  be  absorbed  by  it. 

In  the  third  collection  I have  placed  2 6 nebulae,  which  not 
only  are  described  as  easily  resolvable,  but  in  most  of  which 
some  stars  have  actually  been  seen. 

II,  ,500  is  “ A very  large,  easily  resolvable,  extended,  nebu- 
“ lous  object.  I see  a few  of  the  largest  stars  in  it.  See  fig.  12. 
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Here  the  uncertainty  in  which  the  descriptions  leave  us,  is 
that  the  objects  in  this  collection  may  be  either  clusters  of 
stars  mixed  with  nebulosity,  or  that  in  consequence  of  the  great 
distance  and  compression  of  the  small  stars  composing  a clus- 
ter which  contains  no  nebulosity,  it  may  put  on  the  nebulous 
appearance. 

The  fourth  collection  contains  1 2 nebulous  objects,  of  which 
the  description  makes  it  probable  that  they  belong  to  the  order 
of  clusters  of  stars. 

I,  249  is  “ A considerably  bright  extended  nebula  about  4' 
“ long  and  2'  broad;  it  is  easily  resolvable,  and  I suppose  with 
“ a higher  power  and  longer  attention  the  stars  would  become 
“ visible.  It  is  brighter  about  the  middle.” 

Connoiss.  100  is  “ A nebula  of  about  10'  in  diameter,  but 
" there  is  in  the  middle  of  it,  a small,  bright  cluster  of  supposed 
“ stars.” 


9.  Of  the  sidereal  part  of  the  Heavens. 

The  foregoing  observations  have  proved  the  intimate  con- 
nection between  the  nebulous  and  sidereal  condition  ; and 
although  in  passing  from  one  to  the  other  we  have  met  with 
a number  of  ambiguous  objects,  it  has  been  seen  that  the  ap- 
parent uncertainty  of  their  construction  is  only  the  consequence 
of  the  want  of  an  adequate  power  in  our  telescopes,  to  shew 
them  of  their  real  form.  We  have  indeed  no  reason  to  expect 
that  an  -increase  of  light  and  distinctness  of  our  telescopes 
would  free  us  from  ambiguous  objects;  for  by  improving  our 
power  of  penetrating  into  space,  and  resolving  those  which 
we  have  at  present,  we  should  probably  reach  so  many  new 
objects  that  others,  of  an  equally  obscure  construction,  would 
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obtrude  themselves,  even  in  greater  number,  on  account  of 
the  increased  space  of  the  more  distant  regions  of  their  situa- 
tion. 

From  stars  mixed  with  nebulosity  we  are  now  to  direct  our 
attention  to  the  purely  sidereal  part  of  the  heavens  ; and  as 
stars  are  the  elementary  parts  of  sidereal  constructions,  it  will 
be  proper  to  review  what  we  know  of  their  nature.  Having 
already  entered  upon  this  subject  in  a former  paper  at  some 
length,*  I shall  only  give  a few  additional  observations,  with 
a summary  outline  of  the  former  arguments. 

The  intensity  of  the  light  of  a star  of  the  first  magnitude 
may  be  compared  with  solar  light,  by  considering,  that  if  the 
sun  were  removed  to  the  distance  at  which  we  generally  ad- 
mit the  brightest  stars  to  be  from  us,  its  visible  diameter  could 
not  exceed  the  215th  part  of  a second;  and  its  appearance 
therefore  would  probably  not  differ  much  from  the  size  and 
brightness  of  such  stars.  By  reversing  this  argument  we 
shall  be  authorised  to  conclude,  from  analogy,  that  stars,  were 
they  near  enough,  would  assume  the  brightness,  and  some  of 
them  perhaps  also  the  size,  of  the  sun  ; and  the  consequences 
that  have  been  drawn  from  the  observations  given  in  my  papey 
on  the  nature  and  construction  of  the  sun,  may  be  legitimately 
applied  to  the  stars ; whence  it  follows  that  stars,  although 
surrounded  by  a luminous  atmosphere,  may  be  looked  upon 
as  so  many  opaque,  habitable,  planetary  globes ; differing, 
from  what  we  knowr  of  c ur  own  planets,  only  in  their  size,  and 
by  their  intrinsically  luminous  appearance. 

They  also,  like  the  planets,  shine  with  differently  coloured 
lieht.  That  of  Arcturus  and  Aidcbaran  for  instance,  is  as 

O 7 

* Phil.  Trans,  for  1 7 8 5 , page  68. 
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different  from  the  light  of  Sirius  and  Capella,  as  that  of  Mars 
and  Saturn  is  from  the  light  of  Venus  and  Jupiter.  A still 
greater  variety  of  coloured  star-light  has  already  been  shewn 
to  exist  in  many  double  stars,  such  as  y Andromedae,  jG  Cygni, 
and  many  more.*  In  my  sweeps  are  also  recorded  the  places 
of  9 deep  garnet,  5 bright  garnet,  and  10  red  coloured  stars, 
of  various  small  magnitudes  from  the  7th  to' the  12th. 

By  some  experiments,  on  the  light  of  a few  of  the  stars  of 
the  first  magnitude,  made  in  1798,  by  a prism  applied  to  the 
eye-glasses  of  my  reflectors,  adjustable  to  any  angle  and  to 
any  direction,  I had  the  following  analyses. 

The  light  of  Sirius  consists  of  red,  orange,  yellow,  green, 
blue,  purple,  and  violet. 

a Orionis  contains  the  same  colours,  but  the  red  is  more 
intense,  and  the  orange  and  yellow  are  less  copious  in  pro- 
portion than  they  are  in  Sirius. 

Procyon  contains  all  the  colours,  but  proportionally  more 
blue  and  purple  than  Sirius. 

Arcturus  contains  more  red  and  orange  and  less  yellow  in 
proportion  than  Sirius. 

Aldebaran  contains  much  orange,  and  very  little  yellow. 

ol  Lyras  contains  much  yellow,  green,  blue,  and  purple. 

The  similarity  of  the  general  construction  of  the  sun,  the 
stars,  and  the  planets,  is  also  much  supported  by  the  periodical 
variations  of  the  light  of  the  stars  observed  in  many  of  them  ;-f 
for  these  variations  can  only  be  satisfactorily  accounted  for  by 
admitting  such  stars  to  have  a rotatory  motion  on  their 

* See  Catalogue  of  double  stars  Phil.  Trans,  for  1782,  III,  5.  V,  5,  &c. 

f See  Mr.  Pigott’s  Catalogue  of  variable  stars  Phil.  Trans,  for  1786,  page 
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axes,  like  that  which  the  sun  and  the  planets  are  known  to 
have.* 


10.  Of  the  aggregation  of  Stars. 

That  stars  are  not  spread  in  equal  portions  over  the  celes- 
tial regions  is  evident  to  the  eye  of  every  one  who  directs  his 
view  to  them  in  a clear  night ; but  if  this  wanted  any  proof, 
the  star-gages  I have  given  in  the  Phil.  Trans,  for  1785, 
would  abundantly  shew  that  the  greatest  variety  in  their  dis- 
tribution takes  place;  for  while  in  my  sweeps  many  fields  of 
view  of  the  telescope  were  without  a single  star,  others  con- 
tained every  assignable  number,  from  one  to  more  than  six 
hundred. 

In  my  examination  of  the  heavens,  1 remarked  that  in  many 
places  there  were  patches  of  stars  of  such  a particular  appear- 
ance that  I was  induced  to  call  them  forming  clusters.  This 
expression  was  however  only  used  to  denote  that  some  pecu- 
liar arrangement  of  stars  in  lines  making  different  angles, 
directed  to  a certain  aggregation  of  a few  central  stars,  sug- 
gested the  idea  that  they  might  be  in  a state  of  progressive 
approach  to  them.  This  tendency  to  clustering  seemed 
chiefly  to  be  visible  in  places  that  were  extremely  rich  in  stars. 
In  order  therefore  to  investigate  the  existence  of  a clustering 
power,  we  may  expect  its  effects  to  be  most  visible  in  and  near 
the  milky  way,  and  it  is  for  this  purpose  I have  distinguished 
the  relative  situation  of  the  clusters  to  which  I refer.-f* 


* See  Remarks  on  the  rotatory  motion  of  stars  on  their  axes,  Phil.  Trans,  for  1796, 
page  456. 

f See  twenty  clusters  of  stars;  fifteen  in  the  milky  way  VII,  40.  45.  VIII,  16.  18. 
35.  36.  42.  47.  50.  56.  60.  61.  64.  67.  Connoiss.  6;  and  five  near  it  VIII,  8.  40. 
41.  44.  83. 
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Connoiss.  6 is  “ A cluster  of  stars  of  various  sizes  contain- 
“ ing  several  lines  that  seem  to  be  drawing  to  a centre  like  a 
“ forming  cluster/' 

VIII,  35  is  “ A large  cluster  of  stars  considerably  com- 
“ pressed  and  rich ; some  of  the  stars  are  arranged  in  a long 
“ crooked  line.” 

VIII,  44  is  “ A very  coarsely  scattered  cluster  of  large  stars ; 
“ they  form  a cross  and  extend  over  a large  space;  not  rich." 
See  fig.  13.  The  stars  about  the  cluster  belong  to  the  milky 
way. 

VIII,  83  is  “ A cluster  of  scattered  stars  above  15'  in  dia- 
“ meter;  pretty  rich  and  joining  to  the  milky  way,  or  a pro- 
“ jecting  part  of  it." 

The  20  objects  here  referred  to  are  not  given  as  instances 
of  the  actual  formation  of  clusters,  which,  being  an  effect  that 
must  undoubtedly  require  much  time,  cannot  be  visible ; but 
merely  to  draw  our  attention  to  a seemingly  aggregating  ar- 
rangement of  the  stars,  which  must  render  it  probable  that  in 
regions  where  stars  are  very  numerous,  but  unequally  scat- 
tered, a clustering  of  them  may  arise  from  the  preponderating 
attractions  residing  in  different  places. 

11.  Of  irregular  Clusters . 

When  clusters  of  stars  are  situated  in  very  rich  parts  of  the 
heavens,  they  are  generally  of  an  irregular  form  and  very 
imperfectly  collected  ; those  which  are  in,  and  very  near  the 
milky  way,  may  indeed  be  looked  upon  as  so  many  portions 
of  the  great  mass  drawn  together  by  the  action  of  a clustering 
power,  of  which  they  tend  to  prove  the  existence. 

I have  divided  the  following  112  objects  into  two  collections. 
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The  first  of  them  contains  80  clusters  of  which  the  size  0; 
figure  has  not  been  particularized.* 

VIII,  4 is  “ A cluster  of  coarsely  and  irregularly  scattered, 
“ pretty  large  stars,  of  nearly  one  size  and  colour.”  See 
fig.  14. 

The  stars  of  these  clusters  are  in  general  very  promiscu- 
ously scattered;  they  are  however  sufficiently  drawn  together 
to  shew  that  they  form  separate  groups ; and  in  many  places 
a defalcation  of  the  number  of  stars  surrounding  the  clusters 
is  already  so  far  advanced  as  to  indicate  a tendency  to  future 
insulation. 

The  second  collection  contains  32  irregular  clusters  that  are 
from  2 to  30'  in  diameter. 

VII,  4 is  “ A cluster  of  large  stars  about  20  or  23'  in  dia- 
“ meter,  considerably  rich;  it  is  of  a coarsely  circular  figure.” 

The  great  number  of  clusters  in  these  two  collections  is  not 
only  an  indication  that  they  owe  their  origin  to  a clustering 
power  residing  in  the  stars  about  their  center ; but  the  still 
remaining  irregularity  of  their  arrangement  additionally  proves 
that  the  action  of  the  clustering  power  has  not  been  exerted 
long  enough  to  produce  a more  artificial  construction.  The 

* See  eighty  irregular  clusters  of  stars,  of  various  unascertained  sizes,  fifty-three 
in  the  milky  way;  VII,  5.  35.  36.  42.  50.  62.  67.  VIII,  4.  5.  6.  13.  15.  19.  20.  21. 
22.  25.  27.  28.  30.  31.  33.  34.  37.  45.  46.  51.  52.  54  55  57.  58.  59.  63.  72.  76.  79. 
82.  84.  85.  86.  87.  Connoiss.  7.  8.  16.  18.  21.  24.  25.  26.  29.  36.  38.  Eighteen 
near  the  milky  way ; VII,  6.  15.  46.  VIII,  2.  1 1.  23.  43.  49.  62.  65.  68.  69.  73. 
Connoiss.  20.  34.  39.  41.  48  : nine  at  a distance  from  it;  VII,  3,  54.  VIII,  7.  10. 
29.  71.  Connoiss.  44.  45.  73. 

4 See  thirty-two  irregular  clusters  from  2 to  30'  in  diameter;  twenty-two  in  the 
milky  way;  VI,  23.  VII,  10.  12.  30.  52.  VIII,  9.  12.  14.  17.  26.  32.  39.  48.  53. 
70.  74.  77.  78.  80.  81.  Connoiss.  23.  93.  Ten  near  the  milky  way  VI,  39.  VII,  4. 
11.  13.  14.  16.  32.  66.  VIII,  66.  88, 
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length  of  time  required  for  this  purpose  must,  however, 
greatly  depend  upon  the  original  situation  of  the  stars  exposed 
to  the  clustering  power. 

12.  Of  Clusters  variously  extended  and  compressed . 

The  outlines  of  clusters  of  stars  in  rich  parts  of  the  heavens, 
and  even  of  those  that  are  insulated,  are  seldom  sufficiently 
defined  to  arrange  such  clusters  by  their  figure;  and  as  the 
following  assortment  contains  some  that  are  variously  ex- 
tended and  differently  compressed,  it  will  be  seen,  from  the 
descriptions  of  a few  of  them,  that  the  power  which  has  drawn 
the  stars  together  must  have  acted  under  different  circum- 
stances.* 

VI,  3 is  “ A cluster  of  very  compressed,  extremely  small 

% 

“ stars,  containing  a few  large  ones.  It  is  of  an  extended 
“ figure,  and,  as  it  were,  divided. 

In  this  cluster  the  observed  partial  division  points  out  the 
cause  of  its  being  extended,  which  may  be  ascribed  to  a double 
seat  of  preponderating  attractions  at  some  little  distance  from 
each  other. 

VI,  24  is  “ A very  rich  cluster  of  extremely  small  and  very 
“ compressed  stars ; it  is  about  6'  long  and  4'  broad.” 

Here  the  stars  of  the  cluster  are  not  only  much  compressed, 
but  the  borders  of  it  are  moreover  sufficiently  determined  to 
shew  the  limits  of  its  extent;  from  which  we  may  infer  that 
the  cluster  is  advancing  towards  insulation,  and  that  in  the 
end  a gradual  concentration  may  bring  it  to  a globular  form. 

* See  fifteen  extended  cdusters  of  stars;  twelve  in  the  milky  way  II,  198.  VI,  3. 
14.  24.  36.  VII,  18.  19,  27.  41.  44.  56.  VIII,  3.  And  three  near  the  milky  way 
VII,  29.  64.  VIII,  75. 
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VI,  36*  is  “ A very  compressed  cluster  of  small,  and  some 
‘‘large  stars;  extended  nearly  in  the  meridian;  the  most 
“ compressed  part  is  about  8'  long  and  2'  broad,  with  many 
“ stars  scattered  around  it  to  a considerable  distance.”  See 
%•  !5- 

The  construction  of  this  cluster  may  have  arisen  from  the 
situation  of  many  stars  in  the  same  plane,  drawn  towards  a 
centre  by  the  clustering  power,  for  any  plane  seen  obliquely 
will  have  the  appearance  of  an  extended  form. 

VI,  64  is  “ A large  cluster  of  stars,  of  a middling  size,  ir- 
“ regularly  extended,  and  considerably  rich.  The  stars  are 
“ chiefly  in  rows.” 

Here  each  row  of  stars  may  have  a different  preponderating 
attraction,  but  every  row  will  attract  all  the  other  rows;  nay, 
from  the  laws  of  gravitation  it  is  evident  that  there  must  be 
somewhere  in  all  the  rows  together  the  seat  of  a preponder- 
ating clustering  power,  which  will  act  upon  all  the  stars  in 
the  neighbourhood. 

13.  Of  Clusters  of  Stars  of  a peculiar  description. 

The  great  variety  of  ways  in  which  the  attractions  of  un- 
equally scattered  stars  may  produce  a clustering  power  will 
be  further  exemplified  in  the  following  objects.* 

VI,  55  is  “A  pretty  compressed  cluster  of  very  small  stars; 
“ it  is  of  an  irregular  figure,  and  has  a vacancy  in  the  middle.” 

This  appearance  may  be  accounted  for  by  supposing,  for 
instance,  three,  four,  or  a greater  number  of  preponderating 

* See  six  clusters  of  stars  of  a peculiar  description;  one  in  the  milky  way  VIII,  24. 
Three  near  the  milky  way  VII,  26.  55.  Connoiss.  4;  and  two  at  a distance  from  it 
VII,  1.  Connoiss.  30. 
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attracting  centres  near  each  other,  situated  so  as  to  inclose  a 
certain  space,  the  stars  in  which,  then,  cannot  be  accumulated, 
while  the  clustering  power  arising  from  the  combined  attrac- 
tions will  be  exerted  on  the  surrounding  stars. 

Connoiss.  4 is  “ A rich  cluster  of  considerably  compressed 
“ small  stars  surrounded  by  many  straggling  ones.  It  con- 
“ tains  a ridge  of  stars  running  through  the  middle  from  south 
“ preceding  to  north  following.  The  ridge  contains  8 or  10 
“ pretty  bright  stars.  All  the  stars  are  red.” 

The  curious  construction  of  this  cluster  is  sufficiently  ac- 
counted for  by  the  bright  stars  in  what  is  called  a ridge ; the 
small  stars  accumulated  about  it  having  somewhat  the  ap- 
pearance of  the  shelving  sides  of  the  ridge.  The  observed  red 
colour  was  probably  owing  to  the  low  situation  of  the  object. 

VII,  26  is  “ A cluster  of  extremely  small  and  pretty  much 
“ compressed  stars,  with  a few  large  ones  in  the  shape  of  a 
“ hook.” 

From  what  has  been  remarked  already  it  will  not  be  neces- 
sary to  enter  into  a consideration  of  the  cause  of  the  uncommon 
form  of  this  cluster. 

Connoiss.  30  is  “ A brilliant  cluster,  the  stars  of  which  are 
“ gradually  more  compressed  in  the  middle.  It  is  insulated, 
“ that  is,  none  of  the  stars  in  the  neighbourhood  are  likely  to 
“ be  connected  with  it.  Its  diameter  is  from  2'  40"  to  3'  30". 
“ Its  figure  is  irregularly  round.  The  stars  about  the  centre 
“ are  so  much  compressed  as  to  appear  to  run  together.  To- 
“ wards  the  north,  are  two  rows  of  bright  stars  4 or  5 in  a 
“ line.” 

In  this  accumulation  of  stars,  we  plainly  see  the  exertion 
of  a central  clustering  power,  wffiich  may  reside  in  a central 
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mass,  or,  what  is  more  probable  in  the  compound  energy  of 
the  stars  about  the  centre.  The  lines  of  the  bright  stars,  al- 
though by  a drawing  made  at  the  time  of  observation,  one  of 
them  seems  to  pass  through  the  cluster,  are  probably  not 
connected  with  it. 

14.  Of  differently  compressed  Clusters  of  Stars. 

I have  hitherto  only  considered  the  arrangement  of  stars 
in  clusters  with  a view  to  point  out  that  they  are  drawn  to- 
gether by  a clustering  power,  in  the  same  manner  as  the  ne- 
bulous matter  has,  in  my  former  paper,  been  proved  to  be 
condensed  by  the  gravitating  principle;  but  in  the  41  clusters 
of  the  following  two  collections  we  shall  see  that  it  is  one  and 
the  same  power  uniformly  exerted  which  first  condenses  ne- 
bulous matter  into  stars,  and  afterwards  draws  them  together 
into  clusters,  and  which  by  a continuance  of  its  action  gradu- 
ally increases  the  compression  of  the  stars  that  form  the 
clusters. 

The  first  collection  contains  33  clusters,  the  stars  of  which 
are  considerably  compressed.* 

VII,  12  is  “ A beautiful  cluster  of  pretty  compressed  stars, 
“ near  half  a degree  in  diameter.  It  is  considerably  rich,  and 
“ most  of  the  stars  are  of  the  same  size.” 

The  moderate  compression  of  the  stars  in  the  clusters  of 
this  order  renders  them  fine  objects  for  good  telescopes. 

The  second  collection  contains  8 clusters  in  which  the 


* See  thirry  clusters  of  considerably  compressed  stars ; seventeen  in  the  milky  way 
VI,  16  29.  33.  34-  V II,  2 7.  9.  22.  23.  33.  43.  65.  Vllf,  38.  Cormoiss.  n.  35. 
50.  103.  Fifteen  near  the  milky  way  VT,  6.  22.  42.  Vlt,  12.  17.  20.  21.  24.  34.  47. 
57.  58.  59.  63.  VIII,  1 ; and  one  at  a distance  from  it  Connoiss.  67. 
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compression  of  the  stars  is  carried  to  a much  higher  de- 
gree.* 

VI,  30  is  “ A very  beautiful  rich  cluster  of  very  compressed 
“ small  stars/' 

The  clusters  in  this  collection  are  also  fine  objects ; but,  on 
account  of  their  higher  compression,  require  superior  tele- 
scopes. 

15.  Of  the  gradual  concentration  and  insulation  of  Clusters  of  Stars. 

The  existence  of  a clustering  power  is  nowhere  so  visibly 
pointed  out  as  in  the  39  clusters  which  are  given  in  the  fol- 
lowing collection. My  remarks  upon  them  will  come  with 
more  clearness  when  applied  to  a particular  description  of 
some  of  them. 

VI,  5 is  “ A beautiful  cluster  of  very  compressed  small  stars 
“ of  several  sizes.  It  is  of  an  irregular  round  form,  about  12 
“ or  15'  in  diameter,  and  the  stars  are  gradually  most  com- 
“ pressed  in  the  middle/* 

Here  the  gradually  increasing  compression  of  the  stars 
points  out  the  central  situation  of  the  clustering  power;  the 
form  is  also  that  of  a solid,  not  much  differing  from  a globular 
figure ; and  by  the  outline  of  the  cluster  we  may  consider  it 
as  already  in  an  advanced  state  of  insulation  ; from  these  cir- 

* See  eight  clusters  of  very  compressed'stars ; five  in  the  milky  way  VI,  27.  30. 
VII,  8.  Connoiss.  22.  46.  Two  near  the  milky  way  VI,  10.  VII.  48;  and  one  at 
a distance  from  it  VI,  4. 

f See  thirty-nine  clusters  of  gradual  concentration;  twenty-one  in  the  milky  way 
VI,  5.  13.  17.  18.  25.  26.  28.  32.  VII,  25.  28.  31.  37.  38.  39.  51.  60.  61.  Con- 
noiss. 28.  37.  52.  71.  Seven  near  the  milky  way  VI,  2.  21.  31.  37.  40.  VII,  49»  53  5 
and  eleven  at  a distance  from  it  I,  41.  IV,  63.  VI,  1.  8.  9.  19.  Connoiss.  33.  55. 
68.  74.  77. 
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cumstances  we  may  therefore  conclude  that  this  cluster  has 
been  long  under  the  influence  of  the  clustering  power.  See 
fig.  16. 

Connoiss.  68  is  “ A beautiful  cluster  of  stars,  extremely  rich, 
“ and  so  compressed  that  most  of  the  stars  are  blended  toge- 
“ ther ; it  is  near  3'  broad  and  about  4/  long,  but  chiefly  round, 
<c  and  there  are  very  few  scattered  stars  about.” 

This  oval  cluster  is  also  approaching  to  the  globular  form, 
and  the  central  compression  is  carried  to  a high  degree.  The 
insulation  is  likewise  so  far  advanced  that  it  admits  of  an, ac- 
curate description  of  the  contour. 

The  clusters  of  this  class  are  beautiful,  but  can  hardly  be 
seen  to  any  advantage  without  a 20  feet  telescope. 

16.  Of  globular  Clusters  of  Stars. 

The  objects  of  this  collection  are  of  a sufficient  brightness 
to  be  seen  with  any  good  common  telescope,  in  which  they 
appear  like  telescopic  comets,  or  bright  nebulae,  and  under 
this  disguise,  we  owe  their  discovery  to  many  eminent  astro- 
nomers ; but  in  order  to  ascertain  their  most  beautiful  and 
artificial  construction,  the  application  of  high  powers,  not  only 
of  penetrating  into  space  but  also  of  magnifying  are  absolutely 
necessary ; and  as  they  are  generally  but  little  known  and 
are  undoubtedly  the  most  interesting  objects  in  the  heavens,  I 
shall  describe  several  of  them,  by  selecting  from  a series  of 
observations  of  34,  years  some  that  were  made  with  each  of 
my  instruments,  that  it  may  be  a direction  for  those  who  wish 
to  view  them  to  know  what  they  may  expect  to  see  with  such 
telescopes  as  happen  to  be  in  their  possession.* 

* See  fourteen  globular  clusters  of  stars.  One  in  the  milky  way  Connoiss.  19. 
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Oct.  4,  1810.  40  feet  telescope.  Space-penetrating  power 
191,68.  Magnifying  power  280.  “ Having  been  a sufficient 
“ time  at  the  telescope  to  prepare  the  eye  properly  for  seeing 
“ minute  objects,  the  72c!  of  the  Connoissance  des  temps  came 
“ into  the  field.  It  is  a very  bright  object.” 

“ It  is  a cluster  of  stars  of  a round  figure,  but  the  very  faint 
“ stars  on  the  outside  of  globular  clusters  are  generally  a 
“ little  dispersed  so  as  to  deviate  from  a perfect  circular  form. 
“ The  telescopes  which  have  the  greatest  light  shew  this  best/’ 

“ It  is  very  gradually  extremely  condensed  in  the  centre, 
“ but  with  much  attention,  even  there,  the  stars  may  be  dis- 
“ tinguished.” 

“ There  are  many  stars  in  the  field  of  view  with  it,  but  they 
“ are  of  several  magnitudes  totally  different  from  the  exces- 
“ sively  small  ones  which  compose  the  cluster.” 

“ It  is  not  possible  10  form  an  idea  of  the  number  of  stars 
“ that  may  be  in  such  a cluster ; but  I think  we  cannot  esti- 
“ mate  them  by  hundreds.” 

“ The  diameter  of  the  cluster  is  about  | of  the  field,  which 
gives  “ T 53'k6.”  See  fig.  17. 

Sept.  4,  1799.  40  feet  telescope,  power  240.  “ I examined 
“ the  2d  of  the  Connoiss.  It  appeared  very  brilliant  and  lu- 
“ minous.” 

* The  scattered  stars  were  brought  to  a good,  well  deter- 
“ mined  focus,  from  which  it  appears  that  the  central  con- 
“ densed  light  is  owing  to  a multitude  of  stars  that  appeared 
“ at  various  distances  behind  and  near  each  other.  I could 
“ actually  see  and  distinguish  the  stars  even  in  the  central 

Four  near  the  milky  way  Connoiss.  10.  12.  56.  80;  and  nine  at  a distance  from  it 
Connoiss.  2.  3.  5.  13.  15.  53.  72.  79.  92. 
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fi<  mass.  The  Rev.  Mr.ViNCE,Plumian  Professor  of  Astronomy 
<c  at  Cambridge,  saw  it  in  the  same  telescope  as  described." 

May  27,  1791.  40  feet  telescope,  power  370.  “ The  5th 
c<  of  the  Connoiss.  is  a beautiful  cluster  of  stars ; J counted 
about  200  of  them ; but  the  middle  of  lit  is  so  compressed 
“ that  it  is  impossible  to  distinguish  the  stars/'  * 

January  5,  1807.  20  feet  telescope.  Space-penetrating 

power  75,08.  Magnifying  power  157.3.  “ The  56th  of  the 
“ Connoiss.  is  a globular  cluster  of  very  compressed  and 
“ very  small  stars.  They  are  gradually  more  compressed 
“ towards  the  centre." 

May  2 6, 178 6.  20  feet  telescope.  **  The  80th  of  the  Con- 
“ noiss.  is  a beautiful,  round  cluster  of  extremely  minute  and 
“ very  compressed  stars  about  3 or  4/  in  diameter;  by  the 
“ increasing  compression  of  the  stars  the  cluster  is  very  gra- 
“ dually  much  brighter  in  the  middle." 

May  16,  1787.  20  feet  telescope.  “ The  13th  of  the  Con- 
“ noiss.  is  a most  beautiful  cluster  of  stars.  It  is  exceedingly 


* A 40  feet  telescope  should  only  be  used  for  examining  objects  that  other  instru- 
ments will  not  reach.  To  look  through  one  larger  than  required  is  loss  of  time,  which, 
in  a fine  night,  an  astronomer  has  not  to  spare ; but  it  ought  to  be  known  that  the 
opportunities  of  using  the  40  feet  reflector  are  rendered  very  scarce  by  two  material 
circumstances.  The  first  is  the  changeable  temperature  of  the  atmosphere,  by  which 
the  mirror  is  often  covered  with  the  condensation  of  vapour  upon  its  surface,  which 
renders  it  useless  for  many  hours;  and  in  cold  weather  by  freezing  upon  it  for  the 
whole  night,  and  even  for  weeks  together ; for  the  ice  cannot  be  safely  taken  off 
till  a general  thaw  removes  it.  The  next  is  that,  with  all  imaginable  care,  the  polish 
of  a mirror  exposed  like  that  in  the  40  feet  telescope,  though  well  covered  up,  will 
only  preserve  its  required  lustre  and  delicacy  about  two  years.  The  three  observations 
I have  given  must  consequently  be  looked  upon  as  having  been  made  by  three  differ- 
ent mirrors ; but  if  we  will  have  superior  views  of  the  heavens,  we  must  submit  to 
circumstances  that  cannot  easily  be  altered. 

N n 2 
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“ compressed  in  the  middle  and  very  rich.  The  most  com- 
“ pressed  part  of  it  is  round  and  is  about  2 or  in  diameter, 
“ the  scattered  stars  which  belong  to  it  extend  to  8 or  9'  in 
“ diameter,  but  are  irregular/'* 

Sept.  24, 1810.  Large  10  feet  Newtonian  telescope.  Space- 
penetrating  power  75,82.  Magnifying  powers  71.  108.  171. 
220.  “ The  3d  of  the  Connoiss.  is  one  of  the  globular  clus- 
“ ters;  very  brilliant  and  beautiful.  The  compression  of  the 
“ stars  begins  to  increase  pretty  suddenly  from  the  outside  at 
“ of  the  radius,  and  continues  gradually  up  to  the  centre,  its 
“ diameter  taking  in  the  outside  is  full  half  of  the  field  of  the 
“ glass  magnifying  171  times,  which  gives  4'  30"/' 

Nov.  23,  1805.  Large  10  feet.  “ The  15th  of  the  Con- 
“ noiss.  is  perfectly  round,  and  insulated.  The  accumulation 
“ of  the  stars  towards  the  centre  is  more  sudden  than  the  13th 
“ of  the  Connoiss.  and  the  scattered  stars  extend  proportion- 
“ ally  much  farther.  Its  diameter  is  ^ of  the  field  of  the  glass 
“ which  magnifies  108  times,  that  is  to  say  4'  o".  It  passes 
“ the  wire  in  13", o of  time  which  by  calculation  gives  only 
“ 2'  n,,,3,  but  I rely  more  on  the  estimation  by  the  known 
“ field  of  view  which  is  24'  o";  because  the  limits  of  the  clus- 
“ ter  cannot  be  properly  fixed  upon  for  a transit." 

Jan.  13, 1806.  Large  10  feet.  “ The  79th  of  the  Connoiss. 
“ is  a cluster  of  stars  of  a globular  construction,  and  certainly 

• The  20  feet  telescope,  on  account  of  the  moderate  weight  of  the  mirror  and  the 
proportionally  long  wooden  tube,  has  the  great  advantage  that  with  proper  precau- 
tion it  may  be  used  in  any  temperature.  Sometimes,  however,  a sudden  change  from 
cold  to  heat  towards  morning  has  put  a slop  to  the  observations  of  the  night.  The 
mirror  will  also  preserve  an  excellent  polish  for  several  years ; and  having  a second  one 
ready  to  supply  the  place  of  that  which  is  in  use  the  instrument  may  always  be  ready 
for  observation. 
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“ extremely  rich.  Towards  the  centre  the  stars  are  extremely 
“ compressed,  and  even  a good  way  from  it.  With  171  the 
“ diameter  is  a little  less  than  i of  the  field,  and  with  220  a 
“ little  more;  the  field  of  one  being  9'  o",  and  of  the  other 
“ 8'  o",  a mean  of  both  gives  the  diameter  of  the  cluster  2'  50", 
“ but  1 suppose  that  the  lowness  of  the  situation  prevents  my 
“ seeing  the  thinly  scattered  stars,  so  that  this  cluster  is  pro- 
<e  bably  larger  than  it  appears.”* 

Common  10  feet  telescope.  Space-penetrating  power  28,67. 
“ When  the  19th  of  the  Connoiss.  is  viewed  with  a magnify - 
“ ing  power  of  120,  the  stars  are  visible ; the  cluster  is  insu- 
“ lated ; some  of  the  small  stars  scattered  in  the  neighbourhood 
“ are  near  it ; but  they  are  larger  than  those  belonging  to  the 
“ cluster.  With  240  it  is  better  resolved,  and  is  much  con- 
“ densed  in  the  center.  With  300  no  nucleus  or  central  body 
“ can  be  seen.  The  diameter  with  the  10  feet  is  3'  lb",  and 
“ the  stars  in  the  centre  are  too  accumulated  to  be  separately 
“ seen.” 

7 feet  telescope,  space-penetrating  power  20,25.  “ The 

“ 53d  of  the  Connoiss.  with  1 18  is  easily  resolvable,  and  some 
“ of  the  stars  may  be  seen.” 

It  w'i  l not  be  necessary  to  add  that  the  two  last  mentioned 
globular  clusters,  viewed  with  more  powerful  instruments,  are 
of  equal  beauty  with  the  rest;  and  from  what  has  been  said  it 


* The  large  io  feet  telescope  is  in  a considerable  degree  subject  to  the  obstructions 
arising  from  change  of  temperature,  and  tarnish;  but  as  it  can  be  di  ected  to  any 
pai  t ot  the  heavens  in  a few  m nufes,  and  is  easily  prepared  for  observation,  it  be- 
comes a very  useful  instrument  when  the  clearness  of  t e atmosphere  is  interrupted 
by  flying  c ouds ; or  when  the  place  of  an  object  not  visible  in  the  finder,  or  night- 
glass,  is  to  be  ascertained. 
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is  obvious  that  here  the  exertion  of  a clustering  power  has 
brought  the  accumulation  and  artificial  construction  of  these 
wonderful  celestial  objects  to  the  highest  degree  of  mysterious 
perfection. 


17.  Oj  more  distant  globular  Clusters  of  Stars. 

The  objects  contained  in  this  assortment  are  so  like  those 
of  the  foregoing  collection  that  in  my  observations  I have 
called  them  miniatures  of  the  former.  Small  instruments  can- 
not reach  them,  I shall  therefore  describe  them  as  they  appear 
when  proper  powers  are  applied  to  them.* 

VI,  35  is  “ A cluster  of  very  faint  exceedingly  compressed 
“ stars,  about  one  minute  in  diameter.  It  is  the  next  step  to 
“ an  easily  resolvable  nebula.” 

VI,  1 1 is  “ A cluster  of  stars  about  1 \ or  2 minutes  in  dia— 
“ meter.  It  is  a good  miniature  of  the  19th  of  the  Connoiss. 
“ not  only  with  respect  to  the  size  of  the  cluster,  but  also  with 
“ regard  to  the  mutual  distance  and  the  reduced  magnitude 
“ of  the  stars  of  Which  it  consists.” 

Connoiss.  9 is  “ A cluster  of  very  compressed  and  extremely 
“ small  stars.  It  is  a miniature  of  the  53d.” 

Connoiss.  14  is  “ Like  an  extremely  bright,  easily  resolv- 
“ able  round  nebula ; but  with  a power  of  300  I can  see  the 
“ stars  of  it.  It  resembles  the  10th  of  the  Connoiss.  which 
“ probably  would  put  on  the  same  appearance  as  this,  were 
“ it  removed  half  its  distance  farther  from  us.  The  stars  are 
“ much  condensed  in  the  middle.” 

* See  eleven  miniature  globular  clusters  of  stars,  five  in  the  milky  way  VI,  1 1. 12.  35. 
Connoiss.  9.  62.  One  near  the  milky  way  Connoiss.  14;  and  five  at  a distance  from 
it  I,  78.  Ill,  709.  VI,  7.  41.  Connoiss.  75. 
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Connoiss.  62  is  “ Extremely  bright,  round,  very  gradually 
“ brighter  in  the  middle,  easily  resolvable,  about  4/  in  diameter. 
“ With  240  and  strong  attention  1 see  the  stars  of  it.  It  is  a 
“ miniature  of  the  3d  of  the  Connoiss." 

I,  78  is  “ Very  bright,  suddenly  much  brighter  in  the 
“ middle,  round,  about  3'  in  diameter.  I take  it  to  be  a clus- 
“ ter  of  stars,  as  it  seems  to  be  a miniature  of  the  ad  of  ihe 
“ Connoiss." 

Ill,  709  is  “ Very  faint,  round,  very  gradually  brighter  in 
“ the  middle;  about  <i\  minutes  in  diameter."  A later  obser- 
vation says  “ I can  perceive  some  of  the  stars." 

Connoiss.  75  is  “ A globular  cluster  of  stars,  and  is  a minia- 
“ ture  of  the  third." 

I have  supposed  the  clusters  of  this  class  to  be  at  a greater 
distance  from  us  than  those  of  the  preceding  collection,  because 
the  stars  of  which  they  are  composed  are  more  minute  than 
those  of  the  clusters  of  which  I have  called  them  miniatures ; 
their  compression  is  also  closer,  and  the  size  of  the  whole  is 
much  contracted,  all  which  particulars  are  readily  explained 
by  admitting  them  to  be  more  distant.  This  argument,  how- 
ever, does  not  extend  so  far  as  to  exclude  a real  difference 
which  there  may  be  in  different  clusters,  not  only  in  the  size 
but  also  in  the  number  and  arrangement  of  the  stars. 

18.  Of  still  more  distant  globular  Clusters  of  Stars. 

It  has  already  been  shewn  in  the  8th  article,  that  when  our 
telescopes  have  extended  vision  as  far  as  they  can  reach  with 
distinctness,  they  will  still  shew  objects  at  a greater  distance 
if  they  are  sufficiently  bright  to  be  seen,  although  we  should 
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not  be  able  to  ascertain  exactly  into  what  class  we  ought  to 
place  them ; but  as  it  frequently  happened  that  I saw  three 
objects  in  succession,  the  first  of  which  was  a brilliant  globular 
cluster  of  stars,  the  second  a miniature  of  the  former  of  which 
the  stars  could  but  just  be  perceived,  and  the  third  in  every 
respect  a similar  miniature'  of  the  second  as  the  second  was 
of  the  first,  but  in  which  the  stars,  though  suspected,  were  no 
longer  to  be  distinguished,  I called  them  second  miniature 
globular  clusters.  The  following  collection  contains  five  of 
them.* 

1, 45  is  “ A bright  round  nebula,  much  brighter  in  the  middle, 
“ but  the  brightness  decreasing  very  gradually.  It  is  a perfect 
“ miniature  of  VI,  12,  which  is  itself  a miniature  cluster  of  the 
“ 19th  of  the  Connoiss.” 

I,  48  is  “ A miniature  of  the  9th  of  the  Connoiss.”  (which 
is  itself  a miniature  of  the  53d)  “ I suppose  if  I had  looked 
“ long  enough,  I might  have  perceived  some  of  the  stars  which 
“ compose  it.” 

1, 147  is  “ A miniature  of  the  62 d of  the  Connoiss.  which  is 
“ a miniature  of  the  3d.” 

I,  51  and  Connoiss.  69  are  second  miniatures  of  the  53d. 

19.  Of  a recurrence  of  the  ambiguous  limit  of  observation . 

In  the  16th  article  I have  given  a description  of  the  most 
magnificently  constructed  sidereal  systems;  and  very  little 
doubt  can  be  entertained  but  that  the  objects  of  the  17th  and 
18th  articles  are  of  the  same  nature,  and  are  only  less  beautiful 

* See  five  second  miniature  globular  clusters  of  stars  in  the  milky  way  I,  45.  48. 
51.  147.  Connoiss.  69. 
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in  their  appearance  as  they  are  gradually  more  remote.  It 
has  already  been  shewn  in  the  8th  article,  that  in  passing  from 
faint  nebulosity  to  the  suspected  sidereal  condition,  we  cannot 
avoid  meeting  with  ambiguous  objects,  to  which  I must  now 
add,  that  the  same  critical  situation  will  again  occur,  when  from 
the  distinctly  sidereal  appearance  we  endeavour  to  penetrate 
gradually  farther  into  space.  In  consequence  of  this  remark, 
it  seems  probable  that  among  the  numerous  globular  nebulae 
which  have  been  given  in  my  last  paper,  many  beautiful  clusters 
of  stars  may  lie  concealed.  To  this  we  may  add,  that  several 
of  the  great  number  of  objects  which  have  been  given  as  stellar 
nebulae,  and  are  probably  at  a still  greater  distance  from  us, 
may  be  the  last  glimpses  we  can  have  of  such  clusters  of  stars 
as  the  77  th  of  the  Connoissance  des  Temps,  which  will  nearly 
put  on  the  stellar  appearance  when  it  is  viewed  in  a very  good 
common  telescope. 

This  ambiguity,  however,  being  the  necessary  consequence 
of  the  faintness  or  distance  of  objects,  when  seen  through 
telescopes  that  are  not  sufficiently  powerful  to  shew  them  as 
they  are,  will  not  affect  any  of  the  arguments  that  have  been 
used  to  establish  the  existence  of  a clustering  power,  the  effects 
of  which  have  gradually  been  traced  from  the  first  indication 
of  clustering  stars,  through  irregular  as  well  as  through 
more  artificially  arranged  clusters,  up  to  the  beautiful  globular 
form. 

The  extended  views  I have  taken,  in  this  and  my  former 
papers,  of  the  various  parts  that  enter  into  the  construction  of 
the  heavens,  have  prepared  the  way  for  a final  investigation 
of  the  universal  arrangement  of  all  these  celestial  bodies  in 
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space ; but  as  I am  still  engaged  in  a series  of  observations 
for  ascertaining  a scale  whereby  the  extent  of  the  universe, 
as  far  as  it  is  possible  for  us  to  penetrate  into  space,  may  be 
fathomed,  I shall  conclude  this  paper  by  pointing  out  some 
inferences  which  the  continuation  of  the  action  of  the  cluster- 
ing power  enables  us  to  draw  from  the  observations  that  have 
been  given. 


20.  Of  the  breaking  up  of  the  milky  way. 

The  milky  way  is  generally  represented  in  astronomical 
maps  as  an  irregular  zone  of  brightness  encircling  the  heavens, 
and  my  star  gages  have  proved  its  whitish  tinge  to  arise  from 
accumulated  stars,  too  faint  to  be  distinguished  by  the  eye. 

4 

The  great  difficulty  of  giving  a true  picture  of  it  is  a sufficient 
excuse  for  those  who  have  traced  it  on  a globe,  or  through 
the  different  constellations  of  an  Atlas  Coelestis,  as  if  it  were 
a uniform  succession  of  brightness.  It  is,  however,  evident 
that,  if  ever  it  consisted  of  equally  scattered  stars,  it  does  so 
no  longer ; for,  by  looking  at  it  in  a fine  night,  we  may  see 
its  course  between  the  constellations  of  Sagittarius  and  Perseus 
affected  by  not  less  than  eighteen  different  shades  of  glimmer- 
ing light,  resembling  the  telescopic  appearances  of  large  easily 
resolvable  nebulas  ; but  in  addition  to  these  general  divisions, 
the  observations  detailed  in  the  preceding  pages  of  this  paper, 
authorise  us  to  anticipate  the  breaking  up  of  the  milky  way, 
in  all  its  minute  parts,  as  the  unavoidable  consequence  of  the 
clustering  power  arising  out  of  those  preponderating  attrac- 
tions which  have  been  shewn  to  be  every  where  existing  in 
its  compass. 
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One  hundred  and  fifty-seven  instances  have  been  given  of 
clusters  situated  within  the  extent  of  the  milky  way,  and 
their  places  are  referred  to  in  nine  preceding  articles.  They 
may  also  be  found  in  Bode's  Atlas  Coelestis,  whose  delinea- 
tion of  this  bright  zone  I have  taken  for  a standard.  To  these 
must  be  added  68  more,  which  are  in  the  less  rich  parts,  or 
what  may  be  called  the  vanishing  borders  of  the  milky  way: 
for  this  immense  stratum  of  stars  does  not  break  olf  abruptly, 
as  generally  represented  in  maps,  but  gradually  becomes  in- 
visible to  the  eye  when  the  stars  are  no  longer  sufficiently 
numerous  to  cause  the  impression  of  milkiness. 

Now,  since  the  stars  of  the  milky  way  are  permanently  ex- 
posed to  the  action  of  a power  whereby  they  are  irresistibly 
drawn  into  groups,  we  may  be  certain  that  from  mere  clus- 
tering stars  they  will  be  gradually  compressed  through  suc- 
cessive stages  of  accumulation,  more  or  less  resembling  the 
state  of  some  of  the  263  objects  by  which,  in  the  tenth  and 
six  succeeding  articles,  the  operation  of  the  clustering  power 
has  been  laid  open  to  our  view,  till  they  come  up  to  what  may 
be  called  the  ripening  period  of  the  globular  form,  and  total 
insulation ; from  which  it  is  evident  that  the  milky  way  must 
be  finally  broken  up,  and  cease  to  be  a stratum  of  scattered 
stars. 

We  may  also  draw  a very  important  additional  conclusion 
from  the  gradual  dissolution  of  the  milky  way ; for  the  state 
into  which  the  incessant  action  of  the  clustering  power  has 
brought  it  at  present,  is  a kind  of  chronometer  that  may  be 
used  to  measure  the  time  of  its  past  and  future  existence;  and 
although  we  do  not  know  the  rate  of  going  of  this  mysterious 
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chronometer,  it  is  nevertheless  certain,  that  since  the  breaking 
up  of  the  parts  of  the  milky  way  affords  a proof  that  it  cannot 
last  for  ever,  it  equally  bears  witness  that  its  past  duration 
cannot  be  admitted  to  be  infinite. 
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76 

— • 

sw 

2 

Cloudy. 

/ 

8 

O 

43 

50 

29,77 

79 

sG 

CO 

w 

I 

Thick  fog. 

4 

0 

44 

53 

29,73 

77 

CO 

Q 

sw 

I 

Cloudy. 

8 

8 

O 

44 

5° 

29,29 

77 

w 

1,2 

Cloudy. 

4 

O 

44 

5i 

29>39 

67 

w 

1,2 

Cloudy. 

9 

8 

0 

33 

49 

29,65 

72 

5 

w 

I 

Hazy. 

4 

0 

40 

52 

29’79 

73 

w 

1 

Cloudy. 

10 

8 

0 

33 

49 

29,92 

68 

N 

1 

Fine. 

4 

0 

37 

5° 

29,92 

65 

NNE 

I 

Fine. 

1 1 

8 

0 

34 

46 

29,71 

7i 

ns 

SE 

I 

Cloudy. 

4 

c 

3* 

49 

29,6s 

67 

E 

I 

Cloudy. 

12 

8 

0 

32 

47 

29,81 

69 

SE 

I 

Fine. 

4 

0 

3& 

49 

29,78 

66 

SE 

I 

Cloudy, 

*3 

8 

0 

54 

46 

29,62 

72 

SE 

I 

Cloudy. 

4 

0 

37 

48 

29>53 

73 

SE 

I 

Rain. 

M 

8 

0 

36 

45 

29,59 

75 

SE 

I 

Cloudy. 

4 

0 

38 

49 

29,65 

75 

E 

I 

Cloudy. 

*5 

8 

0 

35 

48 

29,76 

75 

W 

I 

Cloudy. 

4 

0 

38 

4 9 

29,88 

73 

N 

I 

Cloudy. 

16 

8 

0 

34 

47 

50,05 

73 

SSE 

1 

Fine, 

4 

0 

4i 

49 

30, 1 2 

71 

S 

1 

Fine. 
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METEOROLOGICAL  JOURNAL 
for  January,  1813. 

Time. 

Therm. 

Therm. 

Barptt). 

Hy- 

Winds. 

without. 

within. 

gro- 

1813 

me- 

Weather. 

ier. 

H. 

M. 

0 

O 

Inches. 

Points. 

Sir. 

i 

Jan.  17 

8 

0 

34 

46 

30,20 

0 

74 

SE  . 

1 

Cloudy. 

4 

O 

37 

46 

30,23 

72 

E 

I 

Cloudy, 

18 

8 

O 

32 

45 

30,17 

73 

SE 

I 

Cloudy. 

4 

O 

34 

46 

30,09 

72 

t>E 

1 

Cloudy.  [night. 

19 

8 

O 

3i 

44 

3°»°3 

73 

SE 

I 

Cloudy.  Some  snow  in  the 

4 

O 

- 34 

47 

30,16 

73 

N 

1 

Cloudy. 

20 

.8 

O 

33 

44 

3°»32 

72 

SE 

I 

Cloudy. 

4 

O 

35 

47 

30,3  1 

7 1 

•/? 

U 

E 

I 

Cloudy, 

21 

8 

O 

32 

44 

3°>34 

70 

0 

w 

1 

Cloudy. 

4 

O 

35 

47 

•>0,39 

7° 

*— 

N E 

1 

Cloudy. 

22 

8 

O 

32 

45 

3°’46 

70 

0 

E 

I 

Cloudy. 

4 

O 

32 

49 

30,49 

68 

T 

E 

I 

Fine 

'23 

8 

O 

27 

„ 45 

30,36 

7 1 

0 

E 

I 

rin  k and  foggy. 

4 

O 

33 

47 

30,26 

72 

W 

1 

Cloudy,. 

24 

8 

O 

30 

44 

30,36 

75 

c 

E 

I 

C oudy.  Snow  in  the  night. 

4 

O 

32 

43 

30-38 

09 

3 

E 

I 

Fine. 

2 5 

8 

O 

29 

42 

30,44 

73 

C/5 

*r: 

NE 

1 

Cloudy. 

4 

O 

34 

45 

30,45 

7° 

*■* 

E 

1 

Cloudy. 

26 

8 

O 

34 

44 

30,45 

64 

c 

NE 

I 

Cloudy. 

4 

O 

37 

46 

30,41 

67 

N 

I 

Cloudy. 

27 

8 

O 

34 

44 

30,46 

68 

NNE 

1 

Cloudy. 

4 

O 

36 

47 

30,48 

70 

N 

I 

Cloudy. 

28 

8 

O 

28 

42 

3°>3  5 

72 

S 

1 

Foggy. 

4 

O 

34 

47 

30,40 

70 

NW 

Fige. 

29 

8 

O 

25 

44 

30,37 

72 

W 

1 

1'hick  and  cloudy. 

4 

O 

34 

47 

30,34 

72 

NE 

I 

Ciondy. 

3° 

8 

O 

3i 

45 

30,48 

75 

NE 

I 

Cloudy, 

4 

O 

34 

46 

30,49 

69 

NE 

I 

Cloudy. 

3 1 

8 

O 

35 

44 

30,43 

70 

NVV 

I 

Cloudy. 

4 

O 

42 

45 

30,44 

68 

N 

I 

Cioudy. 

a a 


METEOROLOGICAL  JOURNAL 
for  February,  1813. 

Time. 

Therm. 

Therm. 

Barom. 

Hy- 

Winds. 

without. 

within. 

gro- 

me- 

1513 

ter. 

vv  eatner. 

H. 

M. 

O 

0 

Inches. 

Points. 

Str. 

Feb.  1 

8 

0 

34 

42 

3°>45 

0 

70 

W 

1 

Thick  and  cloudy. 

4 

0 

40 

45 

3°’3 1 

?o 

N 

1 

iCloudy. 

2 

8 

0 

33 

43 

3°’3 1 

74 

E 

1 

Cloudy. 

4 

0 

37 

47 

3°- 3 2 

71 

N 

1 

Cloudy. 

3 

8 

0 

35 

45 

3°>36 

72 

W 

1 

Cloudy. 

4 

0 

42 

48 

3°>39 

65 

N 

1 

Cloudy. 

4 

8 

0 

38 

46 

3°>45 

72 

W 

1 

Cloudy. 

4 

0 

41 

49 

3°. 4° 

65 

NW 

1 

Cloudy. 

5 

8 

0 

37 

48 

30,22 

68 

CO 

U 

S 

1 

Cloudy. 

4 

0 

40 

53 

30,08 

66 

X 

O 

s 

1,2 

Fine.  [night. 

6 

8 

0 

40 

48 

29>73 

73 

sw 

2 

Rain.  Blowed  hard  in  the 

4 

0 

44 

49 

29,83 

73 

1 

7 

8 

0 

43 

49 

29>93 

73 

s 

1 

Fine. 

4 

0 

41 

48 

29’97 

73 

- 

I 

Fine. 

8 

8 

0 

45 

49 

29,74 

76 

sw 

2 

Cloudy. 

4 

0 

48 

52 

29,67 

73 

O 

w 

2 

Rain. 

9 

8 

O 

44 

5i 

29,63 

72 

s 

w 

1 

Fine.  [thunder  at  2 PM. 

4 

0 

44 

54 

29,68 

67 

CO 

w 

1 

Fine.  A storm  of  hail  and 

10 

8 

0 

37 

5° 

29.89 

71 

4— 

w 

1 

Fine. 

4 

0 

44 

53 

29,98 

62 

w 

I 

Fine. 

1 1 

8 

0 

37 

5° 

30,05 

7 1 

w 

1 

Fine. 

4 

O 

44 

56 

29,98 

66 

s 

1 

Fine. 

1 2 

8 

0 

44 

52 

29,69 

73 

s 

2 

Rain. 

4 

0 

49 

54 

29,61 

7 1 

s 

2 

Rain. 

13 

8 

0 

43 

52 

29  J7 

7Z 

w 

1 

Cloudy. 

4 

O 

45 

56 

29,27 

7° 

w 

1 

Cloudy. 

1 + 

8 

0 

45 

52 

29,27 

75 

s 

2 

Rain. 

p 

4. 

0 

49 

53 

29,18 

76 

s 

2 

Rain. 

8 

0 

45 

5 1 

29,32 

73 

s 

1,2 

Fine. 

4 

O 

49 

55 

29  33 

68 

w 

2 

Cloudy. 

lb 

8 

0 

43 

5 2 

29,26 

70 

w 

1,2 

Fine. 

4 

0 

46 

57 

29.41 

61 

ssw 

2 

Fine. 

METEOROLOGICAL  JOURNAL 


for  February,  1813. 


1813 

Time. 

Therm. 

without. 

Therm. 

within. 

! 

Barom.  Hy- 
gro- 
me- 

Winds. 

\ 

Weather, 

H. 

M. 

O 

O 

Inches. 

ter. 

Points. 

Str. 

Feb. 1 7 

8 

O 

42 

53 

29’39 

0 

70 

sw 

1 

Cloudy. 

4 

O 

47 

55 

29,28 

70 

sw 

1 

Rain. 

18 

8 

O 

46 

53 

29>34 

63 

w 

2 

Fine. 

4 

O 

48 

56 

29,60 

58 

NW 

2 

Rain. 

19 

8 

O 

45 

54 

29,91 

74 

ssw 

1 

cloudy. 

4 

O 

5° 

57 

29,74 

74 

sw 

1 

Cloudy. 

20 

8 

O 

4i 

54 

29,66 

7i 

w 

1 

Cloudy. 

4 

O 

48 

57 

29,95 

64 

sw 

1,2 

Fine. 

21 

8 

O 

5i 

54 

29,81 

74 

CO 

w 

1 

Cloudy. 

4 

O 

53 

55 

29,75 

70 

r- 

sw 

1,2 

Cloudy. 

22 

8 

O 

48 

54 

29  68 

67 

sw 

2 

Fine. 

4- 

O 

56 

29,67 

67 

rh 

s 

2 

Rain. 

23 

8 

O 

43 

55 

29,83 

71 

ON 

w 

1 

Rain. 

4 

O 

45 

57 

29-95 

63 

.NW 

1 

Fine. 

24 

8 

O 

38 

52 

30,07 

70 

<— 

w 

1 

Fine. 

4 

O 

46 

56 

3°,i° 

65 

0 

w 

1 

Fine. 

25 

8 

O 

37 

5 1 

30,23 

7 1 

s 

w 

1 

Cloudy. 

4 

O 

46 

54 

30,06 

70 

CO 

sw 

1,2 

Cloudy. 

26 

8 

O 

47 

54 

29,94 

71 

sw 

2 

Cloudy. 

4 

O 

49 

55 

29,8 1 

70 

• 

sw 

2 

Rain. 

27 

8 

O 

39 

53 

29,96 

65 

C3 

w 

I 

Fine. 

4 

O 

46 

55 

30,14 

5« 

NW 

2 

Cloudy. 

28 

8 

O 

4o 

52 

30,04  1 69 

w 

1 

tidzy. 

4 

O 

49 

55 

3°»44 

60 

N 

1,2 

Fine. 

r 

u 
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METEOROLOGICAL  JOURNAL 
for  March,  1813. 

Time. 

Therm. 

Therm. 

Barom. 

Hy- 

Winds. 

without. 

within. 

gro- 

1 M 

me- 

1 ° 1 3 

ter. 

w catner. 

H. 

M. 

0 

O 

Inches. 

Points. 

Str. 

- 

Mar.  1 

8 

O 

39 

5J 

30,38 

0 

70 

SW 

1,2 

Fine. 

4 

O 

47 

55 

30,29 

65 

sw 

2 

Cloudy. 

2 

8 

O 

48 

53 

30,19 

73 

w 

i 

Cloudy. 

4 

0 

48 

57 

30,22 

66 

N 

I 

Cloudy. 

3 

8 

0 

42 

53 

30, 11 

70 

SW 

I 

Cloudy. 

4 

O 

48 

55 

30,07 

66 

N 

I 

Cloudy. 

4 

8 

O 

37 

52 

30,39 

68 

W 

I 

Cloudy. 

4 

O 

50 

55 

30,38 

61 

CO 

w 

I 

Cloudy. 

5 

8 

O 

46 

54 

30,33 

75 

-C 

w 

1 

Thick  and  cloudy. 

3 

O 

52 

57 

30,39 

66 

w 

I 

Cloudy. 

6 

8 

O 

40 

54 

30,41 

68 

GO 

w 

1 

Fine. 

3 

O 

50 

58 

30,39 

60 

NW 

I 

Fine. 

7 

8 

0 

4i 

53 

30,49 

68 

•s 

O 

w 

I 

Fine. 

3 

O 

49 

53 

30,42 

6j 

-C 

4—' 

w 

1 

Cloudy. 

8 

7 

O 

47 

53 

30,28 

67 

c 

3 

w 

I 

Fine,  rather  hazy. 

3 

O 

52 

58 

30,26 

63 

§ 

NW 

I 

Cloudy. 

9 

7 

O 

47 

■54 

30,22 

■70 

cn 

W 

1 

Thick  -and  cloudy. 

3 

O 

So 

57 

3°, 1 1 

6 5 

WNW 

I 

Cloudy. 

IC 

7 

O 

40 

53 

29  95 

70 

r+ 

• 

E 

I 

Rain. 

3 

O 

42 

54 

29,92 

66 

05 

NNW 

I 

Cloudy 

1 1 

7 

O 

32 

52 

30,01 

67 

NE 

1,2 

Fine. 

3 

O 

37 

57 

30,06 

62 

N by  W 

1,2 

Fine. 

I 2 

7 

O 

30 

5° 

30,24 

65 

N 

3,2 

Fine. 

3 

0 

36 

55 

30,29 

6i 

E 

I 

Cloudy. 

l3 

7 

O 

3° 

49 

30,34 

68 

N 

I 

Hazy. 

3 

O 

39 

52 

30,28 

60 

NW 

I 

Cloudy. 

J4 

7 

O 

35 

53 

30,23 

65 

S 

I 

Cloudy. 

3 

0 

40 

48 

30,18 

69 

SW 

I 

Cloudy. 

l5 

7 

0 

44 

47 

30,11 

70 

sw 

I 

Cloudy. 

3 

0 

49 

5 1 

50,36 

73 

s 

I 

Cloudy. 

16 

7 

O 

45 

49 

30,22 

77 

s 

I 

Cloudy. 

3 

O 

49 

53 

3°,  *5 

76 

SE 

I 

Cloudy.  Very  dark  at  2 FM 
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METEOROLOGICAL  JOURNAL 
for  March,  1813. 

Time. 

Therm. 

Therm. 

Barom.  Hy- 

Winds. 

without. 

within. 

g'O- 

jmc- 

1013 

ter. 

w ciuicr. 

H.  M. 

0 

0 

Inches. 

Points. 

j Str. 

Mar.  1 7 

7 0 

38 

50 

3°,°7 

0 

74 

NNE 

I 

Fine. 

3 0 

5° 

58 

29,96 

59 

N 

1 

Fine. 

1 8 

7 0 

58 

5° 

79’93 

7-> 

NW 

1 

Cloudy. 

3 0 

55 

58 

29,92 

63 

NE 

I 

Fine. 

J9 

7 0 

45 

54 

29,94 

7i 

W 

I 

Cloudv. 

3 0 

5i 

58 

29,87 

61 

E 

1 

Fine. 

20 

7 0 

47 

55 

29»75 

7i 

S 

2 

Cloudy. 

3 0 

49 

55 

29’73 

65 

S 

I 

Cloudy. 

21 

7 0 

42 

53 

29,96 

69 

v/5 

D 

S 

I 

Fair. 

3 0 

49 

53 

29>93 

62 

JC 

O 

S 

2 

Cloudy. 

22 

7 0 

49 

53 

29,76 

74 

—1 

S 

2 

Cloudy. 

3 0 

53 

57 

29,80 

60 

w 

I 

Fine. 

23 

7 0 

38 

52 

3°*3° 

67 

w 

1 

Cloudy. 

3 0 

48 

63 

3°*34 

55 

6 

N 

I 

Fine. 

24 

7 0 

40 

52 

3°*32 

64 

4-*  . 

w 

I 

Cloudy  and  hazy. 

3 0 

45 

60 

30,29 

69 

c 

0 

NW 

I 

Cloudy. 

25 

7 0 

45 

53 

30,06 

76 

s 

W 

I 

Rain. 

3 0 

46 

57 

30,22 

70 

N 

I 

Cloudy. 

26 

7 0 

42 

54 

3°>44 

68 

N 

I 

Cloudy. 

3 0 

48 

59 

30,46 

59 

N 

I 

Fine. 

27 

7 0 

38 

49 

3°>59 

69 

SYV 

I 

Fine. 

3 0 

53 

58 

3°>53 

60 

N 

1 

Cloudy. 

28 

7 0 

45 

55 

3°>5l 

72 

W 

I 

Fine. 

3 0 

59 

57 

3°’43 

63 

W 

1 

Cloudy. 

29 

7 0 

53 

56 

3°>38 

72 

w 

I 

Cloudy. 

3 0 

58 

58 

30,28  | 65 

i>W 

1 

Cloudy. 

3C 

7 0 

5 1 

56 

30,15 

69 

YV 

I 

Hazy. 

3 0 

5 1 

59 

3°Ai  , 

69 

NE 

I 

cloudy. 

3l 

7 c 

45 

56 

29,96  ; 

68 

SE 

I 

oiouriy  and  foggy. 

3 0 

52 

29,82 

56 

N j 

! 

I 

Fine. 

r 8 n 


METEOROLOGICAL  JOURNAL 


for  April,  1813. 


1813 

Time. 

Therm. 

without. 

Therm. 

within. 

Barom. 

Hy- 

gro- 

me- 

ter. 

Wind 

S. 

Weather. 

H. 

M. 

0 

0 

Inches. 

Points. 

Str. 

Apr.  1 

7 

0 

43 

56 

29,31 

0 

68 

ssw 

1 

Rain. 

3 

O 

45 

58 

29,26 

68 

sw 

1 

Cloudy. 

2 

7 

O 

38 

55 

29>33 

68 

wsw 

1 

Fine. 

3 

O 

44 

60 

29>45 

63 

w 

1 

Fine. 

3 

7 

O 

36 

54 

29,56 

66 

sw 

1 

Cloudy. 

3 

O 

43 

57 

29,64 

58 

w 

1 

Fine. 

4 

7 

O 

37 

53 

29,83 

66 

w 

1 

Fine. 

3 

O 

44 

56 

29,86 

58 

N 

1 

Cloudy. 

5 

7 

O 

39 

5° 

29,92 

65 

cr> 

CL) 

w 

1 

Rain. 

3 

O 

47 

49 

29,82 

70 

U 

V/ 

1 

Rain. 

6 

7 

O 

47 

52 

29,85 

75 

G 

sw 

1 

Cloudy. 

3 

O 

55 

56 

29,92 

67 

NNE 

1 

Cloudy. 

7 

7 

O 

47 

54 

30,02 

7 1 

NW 

1 

Cloudy. 

3 

O 

55 

57 

29,99 

63 

IN 

SSW 

1 

Cloudy. 

8 

7 

O 

49 

55 

29,98 

70 

4-> 

E 

0 

Thick  and  cloudy. 

3 

O 

57 

62 

29,95 

62 

O 

SE 

1 

Fine. 

- 

9 

7 

O 

47 

58 

3°,°4 

70 

§ 

SW 

0,1 

Hazy. 

3 

O 

59 

65 

30,06 

56 

SW 

0,1 

Fair. 

IC 

7 

O 

5i 

58 

30,14 

69 

JG 

NE 

0,1 

Fine. 

3 

O 

63 

60 

3°a6 

63 

.5 

E 

1 

Fine. 

1 1 

7 

O 

48 

58 

30,19 

70 

OJ 

E 

1 

Cloudy. 

3 

O 

56 

62 

30,16 

61 

E 

1 

Fair. 

12 

7 

O 

P 

57 

30,17 

68 

E 

1 

Hazy  and  cloudy. 

3 

O 

63 

63 

30,16 

62 

SE 

1 

Fine. 

J3 

7 

O 

50 

59 

3°>32 

68 

NE 

1 

Fine. 

3 

O 

60 

b5 

30,36 

57 

NE 

1 

Fair. 

14 

7 

O 

47 

57 

30,42 

67 

SE 

1 

Cloudy. 

3 

O 

57 

61 

3°>32 

60 

E 

1 

Fair. 

*5 

7 

0 

48 

57 

3°,23 

66 

SW 

1 

Hazy. 

3 

O 

54 

63 

3°,  1 1 

62 

NW 

1 

Fine. 

16 

7 

O 

54 

59 

3°A3 

69 

N 

1 

Cloudy. 

3 

O 

61 

62 

30,00 

57 

NW 

1 

Fine. 

C 9 3 


METEOROLOGICAL  JOURNAL 
for  April,  1813. 

Time. 

Therm. 

Therm. 

Barom. 

Hy- 

Winds. 

without. 

within. 

gro- 

1817 

me- 

1013 

ter. 

w e«L iici* 

H. 

M. 

0 

0 

Inches. 

Points. 

Str. 

Apr.  17 

7 

O 

52 

58 

29,87 

0 

70 

w 

1 

Cloudy. 

3 

O 

53 

62 

29,80 

61 

WNW 

I 

Fine. 

18 

7 

O 

44 

58 

3°>l6 

60 

NE 

I 

Fair. 

3 

0 

53 

60 

30,21 

50 

NW 

I 

Fair. 

*9 

7 

O 

53 

57 

3°»H 

6 5 

NW 

1 

Fine. 

3 

O 

60 

60 

3°>!3 

61 

SE 

I 

Cloudy. 

20 

7 

O 

53 

58 

3°A7 

63 

NW 

I 

Hazy. 

3 

O 

60 

62 

3°0  3 

55 

C/5 

NW 

1 

Cloudy, 

21 

7 

O 

49 

58 

30,12 

64 

O 

N bv  E 

1 

Fine. 

3 

O 

55 

60 

30,07 

57 

c 

NW 

I 

Cloudy, 

22 

7 

O 

42 

5 6 

30,14 

61 

N 

I 

Fine. 

3 

O 

46 

57 

30,07 

65 

M 

N 

I 

Cloudy. 

23 

7 

O 

40 

55 

3°,  *4 

65 

*— « 

NE 

I 

Cloudy. 

3 

O 

43 

57 

3°, 16 

57 

E 

I 

Cloudy. 

24 

7 

O 

40 

54 

30,16 

59 

~o 

E 

I 

Cloudy. 

3 

O 

4° 

52 

30,09 

63 

'M. 

E 

1 

Cloutiy, 

25 

7 

O 

4l 

5 1 

3°>°3 

68 

C/5 

N 

I 

Rain. 

3 

O 

49 

52 

29'93 

69 

E 

I 

Rain. 

26 

7 

0 

46 

5 1 

29,76 

76 

E 

1 

Cloudy. 

3 

O 

52 

56 

29,78 

60 

as 

S 

I 

Fine. 

27 

7 

O 

45 

52 

29,66 

74 

NE 

I 

Rain. 

3 

O 

48 

52 

29,46 

75 

N 

I 

Cloudy. 

28 

7 

O 

45 

52 

29’43 

76 

NE 

I 

Rain. 

3 

O 

47 

53 

29,46 

72 

N 

1 

Cloudy. 

29 

7 

O 

43 

52 

29,63 

74 

N 

1 

Cloudy. 

3 

O 

45 

52 

29,65 

65 

N 

2 

Cloudy. 

3° 

7 

O 

40 

5i 

29,65 

75 

E 

I 

Rain. 

3 

O 

47 

52 

29,67 

75 

E 

I 

Cloudy. 

MDCCCXIV.  b 
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METEOROLOGICAL  JOURNAL 


for  May,  1813. 


1813 

Time. 

Therm. 

without. 

Therm. 

within. 

Barom. 

Hy- 

gro- 

me- 

ter. 

Winds. 

Weather. 

H. 

M. 

O 

0 

Inches. 

Points. 

Str. 

May  1 

7 

O 

45 

52 

29,68 

0 

77 

E 

I 

Rain. 

3 

O 

49 

52 

29,68 

75 

E 

1 

Cloudy 

2 

7 

O 

47 

52 

29>74 

76 

E 

I 

Cloudy. 

3 

O 

52 

52 

29,8  I 

71 

N 

1 

Cloudy. 

3 

7 

O 

49 

5 2 

29,84 

76 

SE 

I 

Cloudy. 

3 

O 

59 

56 

29,82 

61 

E 

I 

Fine. 

4 

7 

O 

54 

54 

29,80 

75 

E 

I 

Rain. 

3 

O 

61 

56 

29,8  I 

70 

CO 

W 

I 

Cloudy. 

5 

7 

O 

54 

55 

29,98 

76 

NE 

I 

Cloudy. 

3 

O 

61 

58 

29,98 

63 

N 

I 

Fine. 

6 

7 

O 

52 

56 

29,99 

74 

0 

NE 

I 

Cloudy. 

3 

O 

61 

60 

29,84 

66 

c<-> 

'O 

E 

I 

Cloudy. 

7 

7 

O 

55 

58 

29,78 

80 

N 

S 

I 

Cloudy. 

3 

O 

60 

6 1 

29,77 

60 

.c 

4-< 

W 

I 

Fine. 

8 

7 

O 

52 

57 

29,76 

72 

c 

0 

E 

I 

Cloudy. 

3 

O 

63 

59 

29,68 

61 

§ 

E 

I 

Cloudy. 

9 

7 

O 

56 

58 

29,65 

^7 

CO 

E 

I 

Cloudy. 

3 

O 

61 

62 

29,68 

59 

4-J 

E 

1 

Fine. 

10 

7 

O 

56 

59 

29,83 

70 

c 

W 

I 

Cloudy. 

3 

0 

63 

61 

29,86 

60 

C<Z 

PC 

w 

I 

Cloudy. 

1 1 

7 

O 

55 

59 

29,99 

67 

w 

I 

Cloudy. 

3 

O 

62 

60 

29,96 

60 

s 

I 

Rain. 

1 2 

7 

O 

57 

59 

29,67 

7° 

w 

1 

Rain. 

3 

O 

6z 

62 

29,68 

60 

w 

2 

Fine. 

1 3 

7 

O 

56 

60 

z9>73 

64 

w 

I 

Fine. 

3 

O 

60 

62 

29,64 

62 

s 

I 

Cloudy. 

H 

7 

0 

54 

60 

29,56 

67 

s 

I 

Cloudy. 

3 

0 

60 

6j 

29,49 

59 

s 

I 

Cloudy. 

15 

7 

O 

54 

60 

29,54 

6 5 

sw 

1,2 

Cloudy. 

3 

O 

60 

61 

29,61 

6 3 

s 

I 

Cloudy. 

16 

7 

0 

5° 

59 

29,65 

66 

s 

2 

Rain. 

3 

O 

58 

61 

29,52 

59 

w 

2 

Cloudy. 

C » 3 


METEOROLOGICAL  JOURNAL 


for  May,  1B13. 


1813 

Time. 

Therm. 

without. 

Therm. 

within. 

Barom. 

Hy- 

gro- 

me- 

ter. 

Winds. 

Weather. 

H. 

M. 

0 

0 

Inches. 

Points. 

Str. 

May  17 

7 

O 

52 

58 

29,82 

O 

65 

NW 

2 

Cloudy. 

3 

O 

59 

60 

29,89 

’58 

NW 

I 

Cloudy. 

18 

7 

O 

5° 

58 

29,75 

70 

N 

I 

Rain. 

3 

O 

56 

59 

29,83 

63 

NE 

I 

Cloudy. 

*9 

7 

O 

53 

58 

29,90 

1 67 

S 

I 

Cloudy. 

3 

O 

59 

61 

29,76 

,65 

W 

1 

Cloudy. 

20 

7 

0 

57 

58 

29-59 

67 

W 

1 

Rain. 

3 

0 

59 

59 

29,47 

63 

W 

1 

Rain. 

21 

7 

0 

49 

57 

29>53 

1 61 

CO 

<U 

E 

2 

Fine. 

3 

O 

45 

58 

29>49 

! 66 

r-; 

U 

SW 

2 

Rain. 

22 

7 

0 

52 

56 

29,62 

62 

SW 

I 

Fine. 

3 

O 

55 

57 

29,65 

60 

0 

E 

1 

Fine. 

23 

7 

O 

49 

56 

29,69 

66 

0 

W 

I 

Fine. 

3 

0 

53 

57 

29,60 

65 

N 

SW 

1 

Rain. 

24 

7 

O 

5 1 

56 

29>49 

66 

-G 

w 

I 

Fine. 

3 

O 

58 

58 

29»54 

56 

NW 

1 

Fine. 

25 

7 

O 

5 1 

56 

29,69 

60 

NW 

I 

Fine. 

3 

O 

56 

57 

29,70 

64 

CO 

SW 

I 

Cloudy. 

26 

7 

O 

54 

56 

29,60 

66 

w 

I 

Rain. 

3 

O 

53 

58 

29.79 

62 

NW 

I 

Hail,  thunder,  and  lightning. 

27 

7 

O 

5° 

55 

3°.°9 

6 3 

w 

I 

Fine. 

3 

O 

58 

57 

3°  >4 

57 

SW 

I 

Fine. 

28 

7 

O 

52 

56 

30, 1 5 

65 

E 

I 

Fine. 

3 

O 

61 

60 

30,04 

55 

SE 

I 

Fine. 

29 

7 

O 

55 

58 

29,92 

68 

E 

1 

Fine. 

3 

O 

62 

60 

29.99 

68 

E 

I 

Cloudy. 

3c 

7 

O 

62 

59 

3°.°7 

6 5 

E 

I 

Cloudy. 

3 

O 

62 

60 

30,05 

63 

E 

1 

Cloudv. 

3 1 

7 

c 

63 

60 

3°.°7  | 

65 

W 

I 

Cloudy. 

3 

0 

66 

64 

30,06 

59 

S 

I 

Fine. 

b 2 
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METEOROLOGICAL  JOURNAL 


for  June,  1813. 


1813 

Time. 

Therm. 

without. 

Therm. 

within. 

Barom. 

Hy- 

gro- 

me- 

ter. 

Winds. 

Weather. 

H. 

M. 

0 

O 

Inches. 

Points. 

Str. 

June  1 

7 

O 

62 

62 

3°>  1 1 

0 

57 

NW 

1 

Fine. 

3 

O 

69 

66 

3°’°7 

54 

SE 

0,1 

Fine. 

2 

7 

O 

64 

63 

29,99 

65 

NE 

1 

Cloudy. 

3 

O 

70 

69 

29.97 

60 

E 

1 

Fine. 

3 

7 

O 

6l 

6 5 

30,06 

62 

W 

I 

Fine. 

3 

O 

70 

67 

30A4 

62 

N 

1 

Cloudy. 

4 

7 

O 

57 

64 

30,29 

61 

NW 

1 

Cloudy. 

3 

O 

63 

64 

30,22 

59 

N 

1 

Cloudv. 

5 

7 

O 

56 

59 

30,30 

60 

N 

I 

Fine. 

3 

O 

59 

62 

29,96 

62 

js 

N 

I 

Cloudy. 

6 

7 

O 

53 

61 

29,84 

64 

c 

N 

I 

Hazy. 

3 

O 

55 

59 

29,76 

60 

M 

NE 

I 

Cloudy. 

7 

7 

O 

5 3 

57 

29,78 

64 

U"» 

m 

N 

1 

Cloudy. 

3 

O 

62 

62 

29,81 

55 

- 

E 

1 

Fine. 

8 

7 

O 

56 

60 

29,82 

63 

jC 

■*-* 

E 

I 

Fine. 

3 

O 

56 

64 

29’75 

63 

0 

E 

I 

Fine. 

9 

7 

0 

58 

60 

29.59 

67 

s 

E 

J 

Cloudy. 

3 

O 

6 3 

62 

29.53 

63 

r/> 

SW 

I 

Fine. 

10 

7 

O 

58 

6 1 

29  61 

66 

"rC 

w 

I 

Cloudy. 

3 

O 

68 

65 

29,7! 

5 2 

.5 

w 

I 

Fine. 

1 1 

7 

0 

58 

62 

29>93 

62 

aC 

SW 

1 

Fair. 

3 

O 

65 

64 

29.93 

54 

ssw 

I 

Fine. 

12 

7 

O 

61 

62 

29,83 

63 

s 

I 

Cloudy. 

3 

O 

60 

63 

30,00 

58 

w 

1 

Fine. 

1 3 

7 

0 

58 

62 

30,10 

61 

w 

1 

Fine. 

3 

O 

66 

6 3 

30,12 

55 

w 

1 

Cloudy. 

*4 

7 

O 

58 

62 

30,08 

64 

w 

I 

Cloudy. 

3 

0 

56 

62 

29,92 

63 

SW 

I 

Rain. 

lS 

7 

0 

56 

62 

29.73 

65 

w 

I 

Cloudy. 

3 

O 

56 

65 

29.73 

65 

w 

I 

Fine. 

16 

7 

0 

56 

62 

30,00 

62 

N 

I 

Cloudy. 

3 

0 

62 

65 

30.01 

53 

w 

I 

Fine 

C ‘3  ] 


METEOROLOGICAL  JOURNAL 
for  June,  1813. 

Time. 

Therm. 

Therm. 

Barom. 

Hy- 

Winds. 

without. 

within. 

gro- 

me- 

Weather. 

1813 

ter. 

H. 

M. 

O 

O 

Inches, 

Points. 

Str. 

Junei7 

7 

O 

54 

6l 

30,05 

^0  1 

NVV 

1 

Fine. 

3 

O 

S» 

6l 

30,06 

57 

N 

1 

Rain. 

18 

7 

0 

5i 

60 

30,11 

66 

N 

1 

Cloudy. 

3 

O 

59 

62 

30,09 

55 

NE 

1 

Fine. 

‘9 

7 

O 

5 1 

59 

3<W 

64 

N 

1 

Cloudy. 

3 

O 

54 

60 

3°os 

61 

N 

i 

Cloudy. 

20 

7 

O 

52 

59 

30,07 

61 

N 

1 

Fine. 

3 

O 

60 

59 

30,07 

55 

N by  W 

1 

Cloudy. 

21 

7 

O 

S3 

58 

30,27 

63 

CO 

N 

1 

Fine. 

3 

O 

60 

60 

30,26 

54 

£ 

N 

1 

Fine. 

22 

7 

O 

55 

59 

3°>23 

63 

G 

NNE 

1 

Cloudy. 

3 

0 

61 

61 

30,22 

57 

•«* 

N 

2 

Clouciy. 

23 

7 

O 

52 

59 

30,28 

60 

«/■> 

CO 

N 

1 

Fine, 

3 

O 

62 

62 

3°>23 

54 

N 

1 

Fair. 

24 

7 

O 

53 

60 

3°>»3 

64 

-C 

*-» 

N 

1 

Cloudy. 

3 

O 

63 

61 

30,21 

6 1 

c 

0 

NE 

1 

Cloudy. 

z5 

7 

O 

57 

60 

3°>3° 

65 

§ 

E 

1 

Cloudy. 

3 

O 

64 

63 

30,26 

58 

CO 

ESE 

1 

Fine. 

26 

7 

O 

55 

61 

30,28 

67 

1c 

E 

i 

Fine. 

3 

O 

65 

64 

30,19 

53 

. G 

S 

1 

Fine. 

27 

7 

O 

58 

61 

30,19 

65 

N 

1 

Fine. 

3 

O 

6S 

6S 

30,11 

56 

E 

i 

Cloudy. 

28 

7 

O 

54 

61 

30,08 

65 

N W 

1 

Cloudy. 

3 

O 

63 

62 

29,98 

^3 

SSE 

1 

Rain. 

29 

7 

0 

57 

62 

29,88 

67 

SW 

1 

Fine. 

3 

0 

63 

63 

29,79 

62 

SSE 

1 

Cloudy.  Thunder  at  1 PM. 

3° 

7 

0 

5i 

61 

29,72 

67 

w 

1 

Rain. 

3 

0 

56 

61 

29,66 

68 

s 

2 

Rain. 
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METEOROLOGICAL  JOURNAL 


for  July,  1813. 


1813 

Time. 

Therm. 

without. 

Therm. 

within. 

Barom. 

Hy- 

gro- 

me- 

ter. 

Winds. 

Weather, 

H. 

M. 

0 

O 

Inches. 

Points. 

Str. 

July  i 

7 

O 

57 

6i 

29’73 

0 

69 

W 

1 

Cloudy. 

3 

O 

62 

62 

29,78 

64 

w 

1 

Cloudy. 

2 

7 

O 

58 

61 

29,83 

63 

w 

1 

Fine. 

3 

O 

57 

62 

29,87 

57 

NW 

1 

Cloudy. 

3 

7 

O 

53 

60 

29,97 

67 

NNE 

1 

Cloudy. 

3 

O 

60 

61 

30,08 

60 

N 

1 

Cloudy. 

4 

7 

O 

52 

59 

30,23 

62 

N 

1 

Fine. 

3 

O 

63 

61 

30,24 

56 

N 

1 

Cloudy. 

5 

7 

O 

55 

60 

30,29 

65 

C/3 

N 

1 

Fine. 

3 

O 

63 

62 

30,26 

54 

NW 

1 

Fine. 

6 

7 

O 

60 

61 

3°, 16 

62 

►—* 

S 

1 

Fine. 

3 

O 

62 

62 

30.07 

59 

N 

S 

1 

Fine. 

7 

7 

O 

62 

62 

29,8^ 

59 

0 

s 

1 

Fair. 

3 

O 

68 

66 

29,70 

54 

N 

s 

1 

Cloudy. 

8 

7 

O 

60 

. 63 

29,75 

63 

4—- 

sw 

1 

Cloudy. 

3 

O 

65 

64 

29’73 

59 

O 

s 

1 

Cloudy. 

9 

7 

O 

58 

63 

29,66 

65 

s 

w 

1 

Fine. 

3 

O 

68 

67 

29,66 

53 

C/3 

w 

1 

Fine. 

10 

7 

0 

62 

64 

29  3 90 

64 

4— » 

E 

1 

Cloudy  and  hazy. 

3 

O 

69 

67 

29,96 

53 

w 

1 

Fine. 

1 1 

7 

O 

59 

64 

30,02 

64 

ac 

NE 

1 

Fine. 

3 

O 

67 

65 

30,01 

59 

N 

1 

Cloudy, 

12 

7 

0 

60 

64 

29,99 

65 

W 

1 

Fair. 

3 

0 

69 

67 

29^93 

54 

W by  N 

1 

Fair. 

13 

7 

0 

58 

65 

29,87 

67 

W 

1 

Cloudy. 

3 

0 

66 

66 

29,83 

60 

SW 

1 

Cloudy. 

14 

7 

0 

60 

64 

29,74 

66 

w 

1 

Cloudy. 

3 

0 

66 

65 

29,71 

61 

w 

1 

Cloudy. 

*5 

7 

0 

59 

64 

29,68 

68 

w 

1 

Rain. 

. 3 

0 

61 

65 

29,70 

67 

N 

1 

Rain. 

16 

7 

0 

55 

64 

29,82 

68 

W 

1 

Fine. 

3 

0 

65 

66 

29,86 

56 

w 

1 

Fine. 
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METEOROLOGICAL  JOURNAL 


for  July,  1813. 


1813 

Time. 

Therm. 

without. 

Therm. 

within. 

Barom. 

Hy- 

gro- 

me- 

ter. 

Winds. 

Weather. 

H. 

M. 

O 

O 

Inches. 

Points. 

Str. 

July  17 

7 

0 

59 

59 

29,98 

0 

66 

w 

1 

Fine. 

3 

0 

66 

66 

29,94 

58 

ssw 

I 

Cloudy. 

18 

7 

0 

55 

64 

29,98 

67 

w 

1 

Fair. 

3 

0 

68 

66 

29,97 

54 

sw 

I 

Cloudy. 

l9 

7 

0 

61 

63 

29,85 

62 

SE 

I 

Cloudy. 

3 

0 

66 

65 

29,76 

60 

ESE 

I 

Cloudy. 

20 

7 

0 

62 

64 

29,64 

69 

E 

1 

Cloudy. 

3 

0 

68 

68 

29,61 

55 

CO 

<U 

E 

1 

Fine. 

21 

7 

0 

60 

65 

29,61 

67 

~C 

O 

NE 

I 

Cloudy. 

3 

0 

63 

65 

29,67 

64 

»— 1 

N 

1 

Cloudy. 

22 

7 

0 

59 

65 

29,67 

69 

N 

SW 

1 

Cloudy. 

3 

0 

66 

66 

29,64 

60 

O 

S 

I 

Cloudy. 

23 

7 

0 

59 

64 

29,60 

66 

N 

w 

I 

Cloudy. 

3 

0 

66 

66 

29,58 

67 

-C 

4— 

w 

I 

Cloudy. 

24 

7 

0 

5° 

64 

29,58 

67 

c 

w 

1 

Cloudy. 

3 

0 

64 

65 

29,62 

65 

2 

s 

I 

Rain. 

25 

7 

0 

63 

65 

29,54 

CO 

w 

1 

Cloudy. 

3 

0 

68 

67 

29’54 

59 

4— 

w 

1 

Fine. 

26 

7 

0 

59 

64 

29,66 

64 

a 

w 

1 

Fine. 

3 

0 

63 

65 

29,67 

67 

ad 

w 

I 

Fine. 

27 

7 

0 

57 

6 a. 

29,90 

68 

w 

1 

Cloudy. 

3 

0 

67 

66 

29>97 

60 

w 

1,2 

Cloudy. 

28 

7 

0 

58 

64 

30,19 

68 

N 

I 

Cloudy. 

3 

0 

68 

67 

30,21 

57 

s 

I 

Fine. 

29 

7 

0 

58 

65 

30,28 

65 

w 

1 

Fair. 

3 

0 

69 

70 

30,24 

56 

E 

1 

Fair. 

3° 

7 

0 

63 

66 

30,09 

68 

E 

1 

Hazy. 

3 

0 

73 

73 

29,97 

55 

S 

J 

Fair. 

3 1 

7 

0 

61 

69 

3°>°3 

63 

NW 

1 

Fair. 

3 

0 

7i 

70 

30,05 

56 

W 

1 

Cloudy. 
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METEOROLOGICAL  JOURNAL 

for  August,  1813. 


1813 

Time. 

Therm. 

without. 

Therm. 

within. 

Barom. 

Hy- 

gro- 

me- 

ter. 

Winds. 

H. 

M. 

0 

0 

Inches. 

Points. 

Str. 

Aug.  1 

7 

O 

62 

67 

3°,10 

0 

6l 

W 

I 

Fine. 

3 

O 

69 

68 

3°0  I 

56 

W 

I 

Cloudy. 

2 

7 

O 

60 

67 

30,06 

65 

W 

I 

Cloudy. 

3 

0 

69 

68 

30,01 

57 

w 

I 

Cloudy. 

3 

7 

O 

63 

67 

29>93 

67 

w 

I 

Cloudy. 

3 

O 

68 

69 

29,87 

58 

sw 

I 

Fine. 

4 

7 

O 

59 

66 

29,92 

65 

w 

1,2 

Cloudy. 

3 

O 

67 

68 

29,89 

54 

NW 

I 

Cloudy. 

5 

7 

O 

59 

66 

29,74 

65 

• 

SE 

I 

Cloudy. 

3 

O 

66 

67 

29,55 

60 

SW 

2 

Cloudy. 

6 

7 

0 

61 

65 

29,67 

65 

u 

W 

I 

Cloudy. 

3 

0 

66 

67 

29,82 

58 

W 

2 

cloudy. 

7 

7 

O 

57 

65 

30,01 

65 

'O 

N 

I 

Fine. 

3 

O 

68 

70 

30,02 

53 

ur> 

O 

W 

I 

Fine. 

8 

7 

O 

61 

66 

30,03 

64 

( r4, 

w 

I 

Cloudy. 

3 

O 

68 

67 

30  01 

58 

■*-< 

r— 

N 

1 

Cloudy. 

9 

7 

O 

5* 

66 

30,03 

65 

O 

N 

1 

Fine. 

3 

O 

65 

69 

30,11 

57 

N 

I 

Cloudy. 

10 

7 

0 

58 

66 

30,22 

65 

IS 

W 

l 

Fine, 

3 

O 

67 

67 

30,22 

58 

r— 

WNW 

I 

Cloudy. 

1 1 

7 

O 

62 

66 

30,21 

62 

SW 

I 

Cloudy. 

3 

G 

69 

68 

30,17 

57 

od 

ssw 

1 

Cloudy. 

1 2 

7 

O. 

62 

66 

30,12 

62 

w 

I 

Fair. 

3 

O 

70 

72 

30,04 

55 

w 

I 

Fine. 

1 3 

7 

O 

62 

67 

30,11 

65 

WNW 

I 

Flazy. 

3 

O 

65 

70 

30,17 

57 

N 

1,2 

Cloudy. 

H 

7 

O 

57 

66 

30,24 

03 

W 

1 

Fine. 

3 

O 

67 

67 

30,1 1 

55 

w 

I 

Cloudy. 

15 

7 

O 

63 

66 

29,96 

65 

NW 

I 

Hazy. 

3 

O 

68 

69 

~9>95 

54 

NW 

1 

Fine. 

16 

7 

O 

62 

66 

29,92 

59 

NW 

I 

Fine. 

3 

O 

65 

66 

29,92 

54 

NW 

1 

Cioudy. 

Weather 
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METEOROLOGICAL  JOURNAL 


for  August,  1813. 


Time. 

Therm. 

Therm. 

Barom. 

Hy- 

Winds. 

without. 

within. 

gro- 

1813 

me- 

Weather. 

H. 

M. 

0 

O 

Inches. 

ter. 

Points. 

Str. 

Aug.  1 7 

7 

O 

59 

65 

29,95 

O 

65 

W 

1 

Cloudy. 

18 

3 

O 

67 

66 

29,92 

57 

N 

I 

Cloudy. 

7 

O 

58 

65 

29,95 

68 

W 

I 

Hazy. 

3 

O 

67 

68 

29’95 

57 

W 

1 

Cloudy. 

l9 

7 

O 

57 

69 

30'16 

62 

W 

1 

Fine. 

3 

O 

64 

68 

3°,20 

53 

N 

I 

Fine. 

20 

7 

O 

56 

64 

3°,29 

61 

W 

0,1 

Fine. 

3 

O 

64 

67 

3°, 2 3 

5 1 

to 

O 

NE 

1 

Fine. 

21 

7 

O 

5° 

63 

30,26 

62 

-c 

0 

W 

1 

Fine. 

3 

O 

57 

62 

3°,  1 2 

57 

c 

k-H 

w 

I 

Fine. 

22 

7 

O 

56 

62 

29,97 

61 

w 

I 

Cloudy. 

3 

O 

62 

63 

29,86 

60 

NW 

I 

Cloudv. 

0 

23 

7 

O 

5i 

61 

30,04 

64 

0 

w 

I 

Fine. 

3 

O 

55 

65 

30,16 

62 

NE 

2 

Fine. 

24 

7 

O 

5i 

62 

3°>32 

64 

*— 

/■» 

NE 

I 

Fair. 

3 

O 

63 

64 

3°’32 

55 

s 

E 

I 

Cloudy. 

25 

7 

O 

55 

61 

3°>3% 

62 

CO 

NE 

O 

Hazy. 

26 

3 

O 

63 

64 

3°»34 

56 

NE 

1 

Cloudy. 

7 

O 

57 

62 

3°’33 

63 

G 

NE 

I 

Fine. 

3 

O 

63 

65 

30,29 

56 

a! 

E 

1 

Cloudy. 

27 

7 

O 

56 

62 

30,27 

65 

N 

I 

Cloudy. 

3 

O 

61 

64 

30,26 

65 

N 

I 

Cloudy. 

28 

7 

O 

56 

62 

30,20 

64 

NE 

I 

Cloudy. 

3 

O 

60 

62 

30,20 

60 

E 

I 

Cloudy. 

29 

7 

O 

57 

61 

30,22 

72 

NE 

I 

Cloudy. 

3 

O 

62 

63 

30,24 

63 

N 

I 

Cloudy. 

3° 

7 

O 

54 

61 

3°’33 

65 

NNE 

1 

Cloudy. 

3 

O 

63 

63 

30,29 

56 

N 

I 

Cloudy. 

31 

7 

0 

57 

61 

3°>3I 

67 

E 

I 

Cloudy. 

3 

O 

63 

64 

30,21 

60 

E 

I 

Cloudy. 

MDCCCXIV.  C 
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METEOROLOGICAL  JOURNAL 
for  September,  1813. 

Time. 

Therm 

Therm. 

Barom. 

Hy- 

Winds. 

without. 

within. 

gro- 

1811 

me- 

1013 

ter. 

H. 

M. 

O 

O 

Inches. 

Points. 

Str. 

Sept.  1 

7 

O 

56 

6l 

3°,°3 

0 

69 

N 

I 

Cloudy, 

3 

O 

6 3 

63 

29,88 

61 

E 

I 

Cloudy. 

2 

7 

O 

53 

62 

29,77 

70 

S 

I 

Fine. 

3 

O 

62 

64 

29,84 

62 

W 

I 

Fine. 

3 

7 

O 

56 

61 

29>93 

72 

SSE 

I 

Fine. 

3 

O 

64 

67 

29,89 

61 

S 

I 

Cloudy. 

4 

7 

O 

61 

63 

29,77 

69 

S 

2>3 

Cloudy. 

3 

O 

63 

64 

29,71 

68 

S3W 

* 

Cloudy. 

5 

7 

O 

5* 

6 2 

29,66 

73 

00 

U 

sw 

0 

Rain. 

3 

0 

62 

69 

29,65 

58 

r— 

sw 

I 

Fine. 

6 

7 

0 

56 

6 2 

29, 1 2 

72 

E 

2 

Rain. 

3 

0 

58 

70 

29’35 

58 

- 

W 

2 

Fine. 

7 

7 

0 

53 

61 

29,44- 

63 

oc 

w 

I 

Fine. 

3 

0 

57 

65 

2 9 • 5 3 

61 

0 

NNW 

2 

Rain. 

8 

7 

0 

47 

59 

29,65 

66 

-C 

4— ' 

W 

I 

Fine. 

3 

0 

52 

60 

29  67 

63 

G 

NW 

I 

Cloudy. 

9 

7 

0 

45 

58 

29.82 

68 

2 

W 

1 

Hazy. 

3 

0 

57 

74 

29  99 

56 

00 

f - 

N 

I 

Fine. 

10 

7 

0 

47 

58 

3°>23 

66 

’4- 

W 

I 

Fine. 

3 

0 

58 

b7 

3°>3° 

57 

w 

! 

Fine. 

1 1 

7 

0 

54 

59 

30,26 

67 

as 

w 

I 

Fine. 

3 

0 

62 

66 

30,21 

60 

w 

I 

Fine. 

12 

7 

0 

58 

60 

50,1 1 

70 

w 

I 

Fine. 

3 

0 

63 

66 

30,00 

59 

sw 

I 

Fine. 

13 

7 

0 

53 

60 

30,03 

65 

vv 

1 

Fair. 

3 

0 

61 

64 

30,05 

56 

w 

1,2 

Cioudy, 

1,' 

7 

0 

5 2 

60 

30,02 

67 

w 

I 

Fair. 

3 

0 

60 

64 

3°>°7 

56 

NW 

1 

Fine. 

*5 

7 

0 

47 

59 

30,19 

67 

w 

I 

Fine. 

3 

0 

61 

63 

30,18 

59 

sw 

X 

Cloudy. 

16 

-7 

0 

58 

61 

30,17 

09 

w 

I 

Cloudy. 

0 

63 

64 

50,2 

h 

NW 

1 

• ine. 
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METEOROLOGICAL  JOURNAL 

for  September,  1813. 

Time. 

Therm. 

Therm. 

Barom. 

Hy- 

Winds. 

without. 

within. 

gro- 

me- 

1013 

ter. 

weather. 

H. 

M. 

0 

0 

Inches. 

Points. 

Str. 

Sept.  17 

7 

O 

56 

61 

3°>3° 

O 

70 

N 

1 

Hazy. 

3 

O 

63 

64 

3°*32 

60 

S 

I 

Cloudy. 

18 

7 

O 

57 

62 

30,28 

68 

E 

I 

i Cloudy. 

3 

O 

63 

63 

30*1  7 

62 

E 

1 

(Cloudy. 

*9 

7 

O 

54 

61 

30,08 

67 

E 

1 

Fair. 

3 

O 

61 

63 

3°,°3 

60 

E 

1 

Fine. 

20 

7 

O 

53 

60 

29,99 

69 

E 

1 

Fine. 

3 

O 

60 

66 

29,97 

60 

E 

1 

Fine. 

21 

7 

O 

52 

61 

29,97 

70 

C/i 

N 

Cloudy. 

3 

O 

63 

62 

29,96 

60 

-C 

0 

N 

1 

Cloudy. 

22 

7 

O 

54 

61 

29,99 

72 

r-* 

-H 

N 

I 

Cloud  v. 
* 

3 

0 

61 

6 3 

30,01 

63 

N 

1 

Fine. 

23 

7 

O 

52 

61 

30*05 

73 

\D 

DO 

NE 

I 

Cloudy. 

3 

O 

60 

62 

30,00 

64 

0 

NE 

I 

Cloudy. 

24 

7 

O 

55 

60 

30,08 

70 

4-» 

N 

I 

Cloudy. 

3 

O 

60 

63 

30,16 

61 

0 

E 

I 

Fine. 

25 

7 

O 

52 

59 

30,25 

69 

§ 

N 

1 

Fine. 

3 

O 

53 

60 

30,20 

62 

CA 

E 

I 

Cloudy. 

26 

7 

O 

54 

60 

30,11 

7i 

N 

I 

Cloudy. 

3 

O 

60 

62 

30,14 

60 

c 
• *—« 

E 

1 

Fine. 

27 

7 

O 

52 

53 

30,10 

65 

a! 

N 

1 

Fine. 

3 

O 

60 

61 

30*03 

61 

E 

Fair. 

28 

7 

O 

53 

59 

30,01 

73 

N 

I 

Hazy. 

3 

O 

57 

60 

30,03 

61 

N 

I 

Cloudy. 

29 

7 

O 

5° 

57 

30*15 

6 5 

N 

I 

Cloudy. 

3 

O 

57 

57 

30,18 

56 

NE 

I 

Fine. 

3° 

7 

O 

52 

61 

30,23 

65 

N 

I 

Cloudy. 

3 

O 

53 

5° 

30,16 

57 

E 

1 

1 

Fine. 

c a 
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METEOROLOGICAL  JOURNAL 


for  October,  1813. 


1813 

Time. 

Therm. 

without. 

Therm. 

within. 

Barom. 

Ily- 

gro- 

me- 

ter. 

Winds. 

Weather. 

H. 

M. 

0 

0 

Inches. 

Points. 

Str. 

Oct.  1 

8 

0 

47 

56 

29.91 

0 

68 

N 

I 

Cloudy. 

3 

0 

60 

60 

29  79 

61 

E 

I 

Cloudy. 

2 

8 

0 

49 

5 5 

29-75 

67 

N 

I 

Cloudy. 

3 

0 

55 

57 

29,74 

64 

E 

1 

Cloudy. 

3 

8 

0 

5 1 

56 

29  78 

65 

N 

I 

Cloudy. 

3 

0 

57 

59 

29.32 

62 

E 

I 

Fair. 

4 

8 

0 

5° 

56 

29,88 

7° 

E 

1 

Rain. 

3 

0 

57 

58 

2 9-73 

77 

C/5 

SE 

1 

Rain. 

5 

8 

0 

58 

59 

29,72 

73 

22 

W 

1 

Cloudy. 

3 

0 

62 

61 

29,8 1 

60 

c 

W 

1 

Fair. 

6 

8 

0 

57 

59 

29,87 

73 

SE 

1 

Cloudy. 

3 

0 

61 

60 

29,87 

65 

DO 

E 

I 

Cloudy.  [der  in  the  night. 

7 

8 

0 

60 

61 

29-57 

81 

S 

I 

Cloudy.  Much  rain  and  thun- 

3 

0 

59 

61 

29-49 

81 

-C 

W 

I 

Rain. 

8 

8 

0 

53 

59 

29, «2 

73 

3 

w 

1 

Fine. 

3 

0 

58 

60 

29,60 

75 

s 

w 

1 

Cloudy. 

9 

8 

0 

56 

59 

29,48 

7i 

cn 

w 

I 

Cloudy. 

3 

0 

60 

63 

29,52 

59 

4-* 

NW 

1 

Fine. 

IC 

8 

0 

54 

58 

29,51 

70 

r - 

sw 

1 

Rain. 

3 

0 

58 

61 

29,44 

64 

0$ 

sw 

1 

Cloudy.  [the  night. 

1 1 

8 

0 

5 1 

57 

28  98 

68 

NW 

2 

Rain.  Much  wind  and  rain  in 

3 

0 

56 

58 

29>34 

61 

w 

1 

Cloudy. 

1 2 

8 

0 

46 

56 

29.79 

72 

w 

1 

Fine. 

3 

0 

55 

5/ 

29,80 

65 

s 

1 

Cloudy.  [the  night. 

x3 

8 

0 

55 

57 

29,42 

73 

w 

2-3 

Rain.  Much  wind  and  rain  in 

3 

0 

5 1 

58 

29,61 

60 

N 

2 

Cloudy. 

x4 

8 

0 

40 

53 

29,54 

70 

NNW 

1 

Fine. 

3 

0 

48 

55 

29.69 

61 

W 

I 

Fine. 

*5 

8 

0 

45 

52 

29,61 

67 

SW 

1 

Cloudy. 

3 

0 

49 

53 

29-39 

70 

SW 

1 

Rain. 

it 

8 

0 

43 

5* 

29,24 

70 

w 

I 

Fine. 

3 

0 

48 

53 

28,99 

70 

SE 

1 

Rain. 
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METEOROLOGICAL  JOURNAL 


for  October,  1813. 


Time. 

Therm. 

Therm. 

Barom. 

Hy- 

Winds. 

without. 

within. 

gro- 

1813 

me- 

Weather. 

H. 

M. 

0 

0 

Inches. 

ter. 

Points. 

Str. 

Oct.  17 

8 

O 

5° 

52 

28,67 

O 

69 

W 

2 

Cloudy. 

3 

O 

50 

53 

28,74 

70 

N 

I 

Rain. 

18 

8 

O 

39 

50 

29>34 

70 

W 

0,1 

Fine. 

Cloudy. 

3 

O 

49 

53 

29.50 

62 

w 

I 

*9 

8 

O 

36 

44 

29,67 

70 

E 

I 

Fine. 

20 

3 

8 

O 

O 

49 

41 

52 

49 

29.73 

29,70 

63 

72 

C/5 

z, 

f— 

E 

E 

; 

Fair. 

Cloudy. 

3 

O 

50 

53 

29,59 

70 

0 

1— 

E 

1.2 

Cloudy. 

2 ] 

8 

O 

47 

5 1 

29H9 

75 

E 

1 

Rain. 

3 

O 

52 

54 

29,66 

70 

00 

S 

1 

Fine. 

22 

8 

O 

50 

53 

29,79 

75 

W 

1 

Cloudy. 

3 

0 

54 

57 

29,79 

7i 

jc 

E 

1 

Fine. 

23 

8 

0 

5' 

54 

29,91 

74 

2— 

ME 

1 

Cloudy. 

j 

O 

53 

56 

29>94 

69 

0 

5 

E 

1 

Cloudy. 

24 

8 

O 

5 1 

55 

29,92 

73 

E 

1 

Cloudy. 

3 

O 

52 

54 

29.86 

71 

X 

E 

1 

Cloudy. 

25 

8 

O 

48 

53 

29,85 

72 

r-< 

N 

1 

Cloudy. 

3 

0 

50 

57 

29,90 

65 

E 

1 

Fine. 

zC 

8 

O 

41 

5i 

3°0  3 

68 

as 

NE 

1 

Cloudy. 

3 

O 

45 

53 

61 

N 

1 

Fair. 

27 

8 

O 

41 

49 

29,90 

63 

N 

1 

Cloudy. 

3 

O 

42 

53 

29  85 

69 

NE 

1 

Cloudy. 

28 

8 

O 

3* 

49 

29,81 

7i 

N 

1 

Fine. 

3 

O 

43 

53 

29,85 

72 

NE 

1,2 

Rain. 

29 

8 

O 

37 

48 

29,94 

7 1 

NE 

1 

Fine. 

3 

c 

44 

52 

29,94 

69 

N 

1 

Fine. 

3C 

8 

0 

33 

47 

29.75 

70 

W 

1 

Foggy. 

3 

0 

46 

51 

29,50 

68 

s 

2 

Cloudy. 

3' 

- 

8 

0 

37 

48 

29,03 

64 

w 

Fine. 

3 

0 

49 

52 

29,05 

64 

w 

1 

Fine. 

1 
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METEOROLOGICAL  JOURNAL 


for  November,  1813. 


1813 

Time. 

Therm. 

without. 

Therm. 

within. 

Barom. 

Hy- 

gro- 

me- 

ter. 

Winds. 

Weather. 

H. 

M. 

0 

0 

Inches. 

Points. 

Str. 

Nov.  1 

8 

0 

38 

48 

29,29 

0 

72 

VVNW 

1 

Fine. 

3 

0 

46 

49 

29,44 

62 

NW 

1 

Fine. 

2 

8 

0 

37 

48 

29^74 

71 

W 

1 

Fine. 

3 

O 

45 

52 

29,60 

7° 

NW 

1 

Rain. 

3 

8 

0 

44 

49 

29,86 

69 

NNE 

1 

Fine. 

3 

0 

47 

53 

30,09 

6 5 

N 

1 

Fine. 

4 

8 

0 

35 

48 

3°>35 

6 9 

W 

1 

Fine. 

3 

0 

43 

54 

3°>35 

65 

w 

1,2 

Hazy. 

5 

8 

0 

37 

5o 

30,34 

69 

QJ 

E 

0 

Thick  fog. 

3 

0 

46 

55 

30,30 

66 

X 

V 

S 

1 

Cloudy. 

6 

8 

0 

38 

5° 

30,07 

70 

G 

E 

1 

Hazy. 

3 

0 

44 

53 

29,92 

64 

S 

1 

Fine. 

7 

8 

0 

42 

49 

29,73 

70 

rf- 

Ov 

E 

0 

Cloudy. 

3 

0 

44 

50 

29,76 

73 

0 

S 

1 

Cloudy. 

8 

8 

0 

47 

5° 

29,40 

73 

X 

sw 

1 

Cloudy. 

3 

0 

49 

55 

29,41 

66 

c 

0 

s 

2 

Rain,  thunder,  and  lightning. 

9 

8 

0 

44 

5 1 

29,47 

69 

2 

w 

1 

Fine. 

3 

0 

49 

56 

29,61 

62 

rr> 

sw 

2 

Rain. 

10 

8 

0 

46 

52 

29,71 

7° 

X 

SSE 

1 

Cloudy. 

3 

0 

49 

56 

29,54 

69 

c 

1 

Cloudy. 

1 1 

8 

0 

46 

53 

29,68 

69 

V/ 

1 

Hazy. 

3 

0 

5° 

58 

29,75 

64 

W 

1 

Fine. 

12 

8 

0 

52 

56 

29,60 

69 

w 

2 

Cloudy. 

3 

0 

49 

58 

29,53 

72 

W 

1 

Rain. 

*3 

8 

0 

37 

52 

29,54 

70 

w 

1 

Fine. 

3 

0 

45 

55 

29,54 

66 

N 

1 

Fine. 

J4 

8 

0 

34 

5o 

29,61 

7i 

W 

0 

Hazy. 

3 

0 

43 

53 

29,62 

69 

W 

0 

Fine. 

15 

8 

0 

4i 

50 

29,20 

68 

w 

1 

Cloudy. 

n 

3 

0 

46 

54 

29,24 

64 

w 

1 

Cloudy. 

16 

8 

0 

36 

49 

29,43 

67 

w 

1 

Fine. 

_ 

3 

0 

43 

52 

29,42 

64 

w 

1,2 

Cloudv. 

✓ 
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1813 

Time. 

Therm. 

without. 

Therm. 

within. 

Barom. 

Hy- 

wTO- 

mc- 

tcr. 

Winds. 

Weather. 

H. 

mJ 

0 

O 

Inches. 

Points. 

Sir. 

0 

[night. 

Nov.  1 7 

8 

0 

33 

49 

29,07 

68 

NW 

2 

Rain.  Wind  and  rain  in  the 

3 

0 

37 

52 

29,2  I 

70 

NvV 

1 

Cloudy. 

18 

8 

0 

35 

48 

29.49 

70 

W 

I 

Fine. 

3 

0 

42 

52 

29,64 

65 

w 

I 

Fine. 

19 

8 

0 

39 

49 

2),72 

70 

s 

I 

Rain. 

3 

0 

48 

53 

29,66 

7> 

N W 

1 

.lain. 

20 

8 

0 

48 

53 

29  ,-7 

75 

vv 

1 

Fine. 

3 

0 

53 

56 

29,86 

70 

cn 

U 

sw 

I 

Fine. 

2 1 

8 

0 

49 

5 3 

29.92 

72 

r- 

0) 

s 

1 

loudy. 

3 

0 

5 1 

54 

29  93 

66 

SSE 

1 

Cloudy. 

22 

8 

0 

48 

53 

29-93 

74 

8E 

1 

loudy. 

3 

0 

5 2 

56 

29,95 

70 

C\ 

S 

I 

Fine. 

23 

8 

0 

4l 

53 

29.99 

72 

O 

8E 

1 

Fog  y. 

J 

0 

46 

56 

29,98 

74 

cr 

I 

cloudy. 

24 

8 

0 

44 

53 

29,94 

75 

0 

N 

1 

Foggy. 

3 

0 

4° 

5 2 

3°0  5 

74 

NNE 

1 

!i  ,zy. 

25 

8 

0 

37 

52 

3°»  *5 

68 

NE 

1 

Cloudy. 

3 

0 

42 

54 

32,12 

68 

E 

1 

Cloudy. 

26 

8 

0 

39 

5° 

3°> 12 

7° 

"C 

N 

I 

Cloudy. 

3 

0 

40 

53 

30,09 

04 

2: 

E 

I 

v iouuy. 

27 

8 

0 

37 

5° 

30,01 

68 

N 

1 

i hick  and  hazy. 

3 

0 

39 

5 1 

29,95 

6 7 

N 

1 

Cloudy. 

2b 

8 

0 

35 

48 

29.92 

66 

N 

O 

Cloudy. 

3 

0 

39 

5° 

29  92 

65 

NE 

1 

Cloudy. 

29 

8 

0 

37 

47 

29,96 

62 

E 

1 

vJiouuy. 

3 

0 

37 

49 

29  99 

62 

E 

1 

Fine. 

30 

8 

0 

3 1 

46 

29  88 

65 

E 

I 

Cloudy. 

3 

0 

32 

48 

29,71 

63 

E 

1 

Cloudy. 
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1813 

Time, 

Therm. 

without. 

Therm, 

within. 

Barom. 

Hy- 

£ro- 

0 

me- 

ter. 

Winds. 

Weather. 

H. 

M. 

0 

O 

Inches. 

Points. 

Str. 

Dec.  1 

8 

0 

31 

42 

29,48 

0 

66 

E 

I 

Fine. 

3 

0 

34 

47 

29,54 

64 

E 

1 

Cloudy. 

2 

8 

0 

34 

44 

29,49 

66 

E 

1 

Cloudy. 

3 

0 

37 

47 

29,3° 

73 

E 

I 

Rain. 

3 

8 

0 

38 

45 

29,09 

75 

E 

1 

Rain. 

3 

0 

39 

47 

29,15 

73 

NE 

l 

Cloudy. 

4 

1 

8 

0 

39 

47 

29>33 

75 

N 

I 

Cloudy. 

3 

0 

41 

5° 

29>  35 

74 

NNE 

I 

Rain. 

5 

8 

0 

39 

47 

29,48 

75 

• 

N 

0,1 

Cloudy. 

3 

0 

42 

47 

29,57 

73 

N 

1 

Cloudy. 

6 

8 

0 

37 

46 

29>77 

75 

N 

I 

Cloudy. 

3 

0 

44 

5° 

29,80 

74 

— • » 

N 

I 

Cloudy. 

7 

8 

0 

37 

47 

29,76 

74 

00 

c-l 

N 

I 

Fine,  rather  hazy. 

3 

0 

42 

49 

29,78 

72 

m 

Q 

E 

I 

Cloudy. 

8 

8 

0 

4i 

48 

29,79 

76 

X 

NNE 

I 

Rain. 

3 

0 

43 

5° 

29,81 

76 

4— 

N 

1 

Rain. 

9 

8 

0 

40 

48 

29,89 

76 

O 

N 

1 

Rain. 

3 

O 

43 

5 1 

29,89 

74 

NE 

I 

Rain. 

10 

8 

0 

38 

48 

29,97 

73 

is 

NE 

I 

Cloudy. 

3 

0 

4i 

5° 

30,09 

66 

r* 

NNE 

1,2 

Cloudy. 

1 1 

8 

0 

37 

47 

3°-i8 

6 7 

*C0 

N 

I 

Cloudy. 

4 

c 

40 

5° 

30,21 

66 

34 

E 

I 

Cloudy. 

12 

8 

0 

35 

47 

3°,i° 

68 

SE 

I 

Cloudy. 

3 

0 

56 

46 

30,00 

68 

E 

1 

Fine. 

13 

8 

0 

30 

33 

29>83 

68 

W 

1 

Cloudy. 

3 

0 

35 

47 

29,86 

66 

E 

I 

Cloudy. 

H 

8 

0 

28 

43 

29,95 

69 

W 

I 

Cloudy  and  foggy. 

3 

0 

33 

. 46 

29,95 

70 

w 

I 

Cloudy  and  foggy. 

*5 

9 

0 

27 

41 

29,90 

7i 

w 

0,1 

Hazy  thick  weather. 

3* 

0 

34 

4 6 

29.86 

7i 

w 

1 

Fine. 

16 

8 

0 

35 

43 

29,56 

74 

s 

1,2 

Cloudy. 

3 

0 

40 

48 

29,46 

78 

S I 

I 

Cloudy. 
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Time. 

Therm. 

Therm. 

Barom. 

4y- 

Winds. 

without. 

withtn. 

^ro- 

Tie- 

W eather. 

1013 

H.  M. 

O 

0 ! 

Inches. 

Points. 

Str. 

Dec.  17 

8 0 

46 

48 

29,40 

0 

78 

s 

1 

Cloudy, 

3 0 

48 

5° 

29,22 

79 

s 

1 

Rain. 

18 

8 0 

48 

5° 

29,16 

80 

s 

1 

Rain. 

3 0 

5° 

53 

29,17 

75 

sw 

1 

^.ain. 

!9 

8 0 

45 

5° 

29,19 

76 

sw 

1 

Cioudy. 

3 0 

47 

53 

29,19 

75 

sw 

1 

Fine. 

20 

8 0 

39 

48 

29.31 

76 

w 

1 

Foggy. 

3 0 

42 

52 

29»43 

73 

w 

1 

Fine,  rather  hazy. 

21 

8 0 

33 

47 

29,62 

75 

CO 

0 

Thick  fog. 

3 0 

43 

5i 

29,55 

75 

SI 

O 

s 

1 

Cloudy. 

22 

8 0 

42 

49 

z9>53 

74 

C 

f— < 

sw 

1 

Fine. 

3 0 

44 

52 

29,54 

74 

00 

sw 

1 

Cloudy. 

23 

9 0 

37 

49 

29,78 

74 

N 

ro 

w 

1 

Thick  cloudy  weather. 

3 0 

42 

52 

29,92 

74 

0 

sw 

1 

Cloudy. 

24 

8 0 

45 

5i 

29*94 

77 

s: 

4-» 

sw 

1 

Rain. 

3 0 

48 

5i 

29,99 

77 

C 

O 

sw 

1 

Rain. 

25 

9 0 

47 

S2 

30,06 

77 

§ 

sw 

1 

Rain. 

3 0 

49 

Si 

30,07 

77 

CO 

w 

! 

Rain. 

26 

8 0 

42 

5 1 

30,28 

73 

1c 

-4-J 

N 

I 

Hazy. 

3 0 

45 

5i 

30,40 

68 

G 

w 

1 

Fine. 

27 

8 0 

3° 

47 

3°>53 

‘73 

E 

I 

Foggy. 

3 0 

3i 

49 

30,50 

72 

E 

1 

Foggy. 

28 

8 0 

29 

45 

3°>39 

! 75 

E 

Thick,  fog. 

3 0 

32 

47 

30,36 

75 

E 

Thick  fog. 

29 

8 0 

27 

43 

3°’35 

76 

E 

1 

Thick  fog. 

3 0 

3° 

47 

3°>35 

75 

E 

1 

Thick  tog. 

3° 

8 0 

26 

42 

3°-36 

75 

E 

1 

Thick  fog. 

3 0 

35 

45 

29»33 

7° 

E 

1 

Thick  tog. 

31 

8 0 

28 

41 

3°’3 1 

76 

E 

I 

Thick  fog. 

3 0 

35 

46 

3°>3° 

75 

E 

1 

Fine,  but  rather  hazy. 
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1813. 

Thermometer 

wiihout. 

Thermometer 

within. 

Barometer.* 

Hygrometer. 

Rain.t 

Greatest 

height. 

Least 

height. 

Mean 

height 

; Greatest 
height. 

Least 

height 

Mean 

height. 

Greatest 

height. 

Least 

height. 

Mean 

height. 

Greatest 
; height. 

Least 

height. 

Mean 

height. 

Deg 

Deg. 

Deg. 

Deg. 

Deg. 

Deg. 

Inches. 

Inches. 

Inches. 

Deg. 

Deg. 

Deg. 

Inches 

January 

47 

25 

36,2 

53 

42 

47>o 

3°, 49 

29,29 

30,10 

79 

65 

72,0 

0,336 

February 

53 

33 

43»6 

57 

42 

52,1 

30,45 

29,17 

29,84 

76 

58 

69,2 

G794 

March 

59 

30 

45.2 

63 

47 

53>4 

30,59 

29>73 

30,18  ' 

77 

55- 

67,2 

00 

*\ 

0 

April 

63 

36 

46,6 

65 

49 

54>6 

30,42 

29,26 

29,94 

76 

5° 

65>3 

1,104 

May 

66 

45 

55,8 

64 

52 

0 

*\ 

GO 

LO 

30D5 

29,47 

29,77 

80 

55 

65,3 

2,630 

June 

70 

5i 

55'9 

69 

57 

61,8 

30,30 

29‘53 

3°>oi 

68 

S2 

61,0 

!»35 1 

July 

73 

52 

61,9 

73 

59 

64,5 

30,29 

29.54 

29,87 

7» 

53 

62,5 

2,092 

,August 

7° 

5° 

61,4 

72 

61 

65,6 

30,38 

29  55 

30,09 

72 

5 1 

60, 1 

0,565 

September 

64 

45 

56,9 

74 

57 

61,8 

3°,32 

29,12 

29,99 

73 

56 

644 

0,861 

October 

62 

33 

49,6 

63 

44 

54-5 

30.15 

28,67 

29,63 

81 

59 

68,7 

3,387 

November 

53 

3i 

42,5 

53 

46 

51,8 

30,35 

29,07 

29,77 

75 

62 

68,4 

0,947 

December 

5° 

26 

38,3 

53 

38 

» 1 

47  >7 

30,53 

29,09 

29-79 

80 

64 

73,  * 

0,328 

Whole  year 

4 9>n 

56,1 

29.91 

664 

1 5 '95  3 

* The  quicksilver  in  the  bason  of  the  barometer,  is  81  feet  above  the  level  ot  low  water 
spring  tides  at  Somerset-house. 

f i’he  Society’s  Rain  Gage  is  114  feet  above  the  same  level,  and  75  feet  6 inches  above 
the  surrounding  ground. 

By  another  Rain  Gage  placed  at  a few  feet  distant  from  the  former  and  11  feet  6 inches 
lower,  the  .quantity  oi  iain  this  year  appears  to  have  been  18,296  inches. 

Variation  of  the  Magnetic  Needle,  September,  1813,  24°  16'  40"  West. 


PHILOSOPHICAL 


TRANSACTIONS, 

OF  THE 

ROYAL  SOCIETY 

o r 

LONDON. 


FOR  THE  YEAR  MDCCCXIV. 


PART  II. 


LONDON, 


PRINTED  BY  W.  BULMER  AND  CO.  CLEVELAND-ROW,  ST.  JAMES’S; 

AND  SOLD  BY  G.  AND  W.  N1COL,  PALL-MALL,  BOOKSELLERS  TO  HIS  M AJES'I  Y, 

AND  PRINTERS  TO  THE  ROYAL  SOCIETY. 


MDCCCXIV. 


. .1 

■ 


C O N T E N T S. 


XV.  On  a new  principle  of  constructing  His  Majesty’s  Ships  of 

War.  By  Robert  Seppings,  Esq.  one  of  the  Surveyors  oj  His 
Majesty’s  Navy.  Communicated  by  the  Right  Hon.  Sir  Joseph 
Banks,  Bart.  K.  B.  P.  R.  S.  page  285 

XVI.  Remarks  on  the  employment  of  Oblique  Riders , and  on  other 

alterations  in  the  construction  of  Ships.  Being  the  substance  oj 
a Report  presented  to  the  Board  oj  Admiralty , with  additional 
demonstrations  and  illustrations.  By  Thomas  Young,  M.  D. 
For.  Sec . R.  S.  ' p.  303 

XVII.  Some  further  Observations  on  Atmospherical  Refraction. 

By  Stephen  Groombridge,  Esq.  F.  R.  S.  p.  337 

XVIII.  Propositions  containing  some  Properties  of  Tangents  to 
Circles;  and  of  Trapeziums  inscribed  in  Circles,  and  non - 
inscribed.  Together  with  Propositions  on  the  Elliptic  Represen- 
tations of  Circles,  upon  a plane  surface , by  Perspective. 
By  Richard  Hey,  LL.  D.;  late  Fellow  of  Sidney  Sussex  and 
Magdalen  Colleges , in  the  University  of  Cambridge.  Commu- 
nicated by  the  Rev.  Edward  Balme,  M.  A.  F.  R.  S.  p.  348 

XIX.  On  new  Properties  of  light  exhibited  in  the  optical  Phe- 
nomena of  Mother  of  Pearl,  and  other  Bodies  to  which  the 
superficial  structure  of  that  Substance  can  be  communicated.  By 
David  Brewster,  LL.D.  F.  R.  S.  Edin.  and  F.S.A.  Edin. 
In  a Letter  addressed  to  the  Right  Hon.  Sir  Joseph  Banks, 
Bart.  K.  B.  P.  R.  S.  p.  397 


CONTENTS. 


XX.  An  improved  method  of  dividing  Astronomical  Circles  and 

other  Instruments.  By  Capt.  Henry  Kater.  Communicated 
by  Thomas  Young,  M.  D.  For.  Sec.  R.  S.  p.  419 

XXI.  Results  of  some  recent  Experiments  on  the  Properties  im- 

pressed upon  Light  by  the  Action  of  Glass  raised  to  different 
Temperatures , and  cooled  under  different  Circumstances . By 
David  Brewster,  LL.  D.  F.  R.  S.  Edin.  and  F.  A.  S.  E.  in  a 
Letter  to  the  Right  Hon.  Sir  Joseph  Banks,  Bart.  K.  B . 
P.R.S.  &c.  &c.  &c.  p.  43 6 

XXII.  Consideration  of  various  Points  of  Analysis.  By  John 

F.  W.  Herschel,  Esq.  F.  R.  S.  p.  440 

XXIII.  Observations  on  the  Functions  of  the  Brain.  By  Sir 
Everard  Home,  Bart.  F.  R.  S.  p.  469 

XXIV.  Further  Experiments  and  Observations  on  Iodine.  By 

Sir  H.  Davy,  LL.  D.  F.  R.  S.  V.  P.  R.  I.  p.  487 

XXV.  Observations  respecting  the  natural  production  of  Saltpetre 

on  the  walls  of  subterraneous  and  other  Buildings.  By  John 
Kidd,  M.D.  Professor  of  Chemistry  at  Oxford.  Communicated 
by  William  Hyde  Wollaston,  M.  D.  Sec.  R.  S.  p.  308 

XXVI.  On  the  Nature  of  the  Salts  termed  triple  Prussiates,  and 
on  Acids  formed  by  the  union  of  certain  Bodies  with  the  Elements 
of  the  Prussic  Acid.  By  Robert  Porrett,  jun.  Esq.  Commu- 
nicated by  William  Hyde  Wollaston,  M.  D.  Sec.  R.  S. 

P*  527 

XXVII.  Some  Experiments  on  the  Combustion  of  the  Diamond 
and  other  carbonaceous  Substances.  By  Sir  Humphry  Davy, 
LL.  D.  F.  R.  S.  V.  P.  R.  I.  p.  537 

XXVIII.  Some  Account  of  the  fossil  Remains  of  an  Animal  more 
nearly  allied  to  Fishes  than  any  of  the  other  Classes  of  Animals. 
By  Sir  Everard  Home,  Bart.  F.  R.  S.  p.  571 


CONTENTS. 


XXIX.  On  an  easier  Mode  of  procuring  Potassium  than  that 
which  is  now  adopted.  By  Smithson  Tennant,  Esq.  F.  R.  S. 

P-  378 

XXX.  On  the  influence  of  the  Nerves  upon  the  Action  oj  the 
Arteries . By  Sir  Everard  Home,  Bart.  F.  R.  S.  p.  5S3 

XXXI.  On  ihe  Means  of  producing  a double  Distillation  by  the 
same  heat.  By  Smithson  Tennant,  Esq . F.  R.  S.  p.  587 

XXXII.  An  Account  of  some  Experiments  on  Arterial  Heat.  By 
John  Davy,  LL.  D.  F.  R.  S.  p.  590 

Presents  received  by  the  Royal  Society,  from  November  1813  to 
June  1814,  p.  605 

Index.  p.  611 


' 


• . . ,f.  v .vr*  \ ‘ •>  1 ” * • \7i 


. 


. ■ 

* 

4 . ' vV  : ■ - V > x}  ‘ 1 ’ * ’ J ’’  ■ - 

' 


.. 


PHILOSOPHICAL 


T R A N S A C T I O N S. 

/ 


XV.  On  a nezv  principle  of  constructing  His  Majesty's  Ships  of 
W ar . By  Robert  Seppings,  Esq.  one  of  the  Surveyors  of  His 
Majesty’s  Navy.  Communicated  by  the  Right  Hun.  Sir  Joseph 
Banks,  Bart.  K.  B.  P.  R.  S. 

Read  March  10,  1814. 

Notwithstanding  the  rapid  improvement  in  almost  every 
other  branch  of  the  arts  and  sciences  within  the  lastcenturv,  it 
will  scarcely  be  credited  by  persons  not  conversant  with  ship- 
building, that  little  or  no  advancement  has  been  made  during 
that  period  in  naval  architecture,  so  far  as  relates  to  the  dis- 
position of  the  materials  which  compose  the  fabric  of  a ship, 
whereby  alone  strength  and  fixedness  of  the  parts  can  be 
obtained. 

This  will  appear  the  more  extraordinary  in  Great  Britain, 
when  it  is  considered  that  our  very  existence  as  a nation 
depends  upon  our  naval  superioritv  ; and  when  it  is  further 
understood  that  a deficiency  of  oak  timber,  but  more  particu- 
larly that  cf  a large  scantling,  calls  for  such  an  application  of  it 
as  will  reduce  its  consumption,  and  make  up  for  the  deficiency 
of  its  size. 

It  is  not  improbable,  that  the  responsibility  which  would 
attach  to  an  individual  who  shou.d  attempt  an  innovation  in  a 

pP 


MDCCCXIV. 


286  Mr.  Seppings  on  a new  principle  of  constructing 

structure,  whereby  the  lives  of  hundreds  might  be  thought  to 
be  endangered,  together  with  the  great  opposition  raised 
against  propositions  for  any  material  change  in  long  esta- 
blished customs,  may  have  occasioned  this  backwardness  in 
naval  improvements. 

This  heavy  responsibility,  together  with  the  obstacles  which 
are  so  frequently  thrown  in  the  way  of  projectors,  has,  with- 
out doubt,  deterred  many  men,  eminently  distinguished  for 
professional  abilities,  from  attempting  to  carry  into  effect  their 
ideas  on  this  most  arduous  and  dangerous  undertaking:  to 
which  may  be  added,  that  not  merely  their  professional  repu- 
tation, but  even  their  peace  of  mind,  might  have  been  hazarded 
thereby.  For  if  the  ship  should  be  lost,  although  from  a very 
different  cause  to  that  of  the  construction,  yet  would  the  weight 
of  censure  fall  upon  the  new  principle;  and  the  projector 
would  have  to  endure  the  whole  burthen  of  the  charge,  that 
his  schemes  had  occasioned  not  only  the  loss  of  the  ship,  but 
also,  which  is  of  far  more  consequence,  the  lives  of  some  hun- 
dreds of  his  fellow- creatures.  Whilst,  on  the  other  hand, 
should  the  experiment  succeed,  there  would  not  be  wanting 
those  who  would  be  ready  to  detract  from  that  merit  which 
he  so  richly  deserved,  and  which  would  be  purchased  by  him 
at  so  great  a risk. 

The  writer  of  the  present  paper,  in  his  various  propositions 
for  the  improvement  of  naval  architecture,  has  constantly  kept 
in  view  these  two  leading  axioms,  “ That  the  strength  of  a 
fabric  consists  not  so  much  in  the  quantity  of  the  materials 
of  which  it  is  composed,  as  in  the  disposition,  the  connection, 
and  the  security  of  its  several  parts."  And,  “ that  the  strength 
of  a ship,  let  its  construction  be  what  it  may,  can  never 
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exceed  that  of  its  weakest  parts/'  and  consequently,  “ that 
partial  strength  produces  general  weakness/' 

Three  74  gun  ships,  now  at  sea,  have  already  been  rebuilt 
at  Chatham  on  the  principle  about  to  be  explained ; and, 
from  the  favourable  reports  of  those  ships,  the  Lords  of  the 
Admiralty  have  given  their  orders  for  the  building  of  several 
new  ships  upon  the  same  principle. 

To  shew,  in  as  clear  a light  as  possible,  the  advantages  of 
the  application  of  this  new  principle  to  ship  building,  it  may 
be  necessary,  for  the  information  of  those  who  are  not  ac- 
quainted with  that  art,  to  give  the  following  general  outline 
of  the  structure  of  a ship  on  the  old  principle. 

1st.  The  frame  of  a 74  gun  ship  is  formed  of  more  than 
eight  hundred  different  timbers,  placed  at  right  angles  to  the 
keel,  which  may  be  considered  as  the  back  bone  of  an  animal, 
and  the  frame  timbers  its  ribs.  Each  rib  is  composed  of  seve- 
ral pieces  of  the  thickness  of  fourteen  inches,  or  thereabouts. 
Between  the  several  divisions  of  the  frame,  or  ribs,  is  a space 
from  one  to  five  inches  wide. 

2dly.  The  whole  exterior  frame  is  covered  with  planks  of 
different  thicknesses,  or  to  carry  on  the  figure,  the  ribs  are 
covered  by  a skin  of  greater  or  less  substance  from  the  ex- 
treme ends  of  them  to  the  keel  or  back  bone. 

The  inside  of  the  frame  is  also  almost  entirely  lined  with 
planks ; within  which  is  another  partial  range,  as  it  W'ere,  of 
interior  ribs,  at  a considerable  distance  from  each  other,  termed 
riders. 

gdly.  Across  this  frame  are  pieces  of  timber  called  bcams} 
united  together  so  as  to  be  of  sufficient  length  to  reach  from 
one  side  of  the  ship  to  the  other. 

P p 2 
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The  use  of  these  beams  is  to  secure  the  sides  of  the  ship, 
so  as  to  prevent  her  upper  works  from  spreading,  and  to  keep 
that  part  which  is  under  water  from  being  compressed  by  the 
fluid.  They  are  also  the  supports  or  bearers  of  the  decks  (or 
what  we  call  in  houses  the  girders  for  the  floors)  and  must 
therefore  be  of  such  strength  as  to  endure  the  weight  of  the 
cannon,  and  whatever  else  is  to  be  placed  upon  them.  The 
usual  mode  of  fastening  these  to  the  sides,  has,  generally 
speaking,  been  merely  local,  by  two  angular  pieces  of  timber 
or  iron  (called  knees)  bolted  to  each  beam,  and  also  to  the 
sides  of  the  ship,  by  which  means  they  were  only  partially 
held  to  the  side,  and  there  was  wanting  that  continuity  of 
materials,  and  consequently  of  strength,  which  the  new  system 
gives. 

Between  the  beams  and  at  right  angles  with  them  are  placed 
pieces  of  wood  called  carlings,  and  at  right  angles  with  these 
(consequently  parallel  to  the  beams)  ledges,  which  correspond 
with  joists  in  a house.  The  planks  or  flat  of  the  deck  (floor- 
ing) is  laid  nearly  in  parallel  lines  from  head  to  stern,  upon 
and  at  right  angles  with  the  beams,  and  is  fastened  to  them 
and  to  the  carlings  and  ledges  by  bolts,  nails,  or  wooden  pins, 
called  treenails.  From  this  statement  it  will  appear  evident, 
that  the  decks,  according  to  the  old  construction,  are  in  nowise 
connected  with  the  sides  of  the  ship. 

Ha\ing  thus  briefly  described  the  common  mode  of  ship- 
building, it  will  next  be  proper  to  point  out  such  of  its  defects 
as  the  new  principle  tends  to  remove. 

In  the  first  place,  it  will  be  perceived,  that  all  the  materials 
composing  the  fabric  of  a ship  are  disposed  nearly  at  right 
angles  to  each  other. 
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This  disposition  which,  in  every  wooden  fabric  is  well  known 
to  the  meanest  mechanic,  to  be  the  weakest,  is  particularly 
so  in  a ship,  the  immense  body  of  which,  subject  to  violent 
action  from  impulses  in  every  direction,  is  sustained  by  a 
greater  pressure  on  the  centre  than  the  extremities,  arising 
chiefly  from  the  difference  in  the  fore  and  after  parts  of  the 
body,  to  that  of  the  midship,  or  middle  part. 

From  the  want  of  a continued  succession  of  support  from 
the  centre  to  the  extremities,  originates  the  tendency  to  arch- 
ing, or  hogging.  This  tendency  shews  itself  in  a ship  from 
the  moment  of  her  launching ; from  whence  some  idea  may 
be  formed  to  what  extent  it  will  be  carried  in  a troubled  sea, 
when  in  the  act  of  pitching  she  is  borne  up  by  the  fluid  only 
in  her  central  part,  while  the  head  and  stern  are  forsaken, 
and  therefore  unsupported  by  the  water. 

If  a straight  line  be  drawn  from  the  head  to  the  stern  of  a 
ship,  whilst  on  the  slip,  or  in  the  dock,  no  sooner  has  she  en- 
tered her  own  element  than  each  end  of  this  line  will  be  found 
to  have  dropped  from  two  to  five  or  six  inches,  in  consequence  of 
the  weakness  of  the  fabric,  and  the  two  extremes  wanting  the 
quantum  of  support  which  the  fluid  gives  to  the  central  part. 

The  length  of  a 74,  gun  ship  being  170  feet  or  more,  it  re- 
quires but  little  knowledge  of  the  strength  of  timber  to  per- 
ceive that  planking  of  that  length,  however  thick,  or  in 
whatever  way  joined  or  put  together,  must,  under  the  present 
system,  bend  with  its  own  weight.  The  fastenings,  and  con- 
sequently the  connection  of  the  several  parts  of  the  fabric, 
must  therefore  suffer  for  the  want  of  stiffness , and  a change 
of  form  is  the  consequence. 

This  may  be  shewn  by  putting  together  four  pieces  of  wood, 


230  Mr.  Seppings  on  a new  principle  of  constructing 

and  securing  them  with  iron  pins  in  the  form  of  a square ; 
which  on  the  least  pressure  may  be  made  to  change  its  form 
to  the  rhombus  ; but  let  another  piece  be  fixed  to  it  diagon- 
ally, and  the  figure  of  the  frame  will  be  found  immoveable. 
Place  a bar  in  the  middle  parallel  to  two  of  the  sides,  and 
secure  it  firmly  by  iron  pins,  still  the  figure  will  easily  be 
moved  by  the  hand,  like  a parallel  ruler,  and  assume  the 
rhomboidal  shape  of  A or  B;  but  apply  to  the  frame  what  the 


carpenters  term  the  brace  in  a common  field  gate  as  Z,  and 
the  figure  will  remain,  as  before,  immoveable. 
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If  this  brace  or  diagonal  piece  is  not  fixed  to  it,  the  outer 
part  of  the  gate  (or  that  part  most  distant  from  the  hinges) 
will  have  a constant  tendency  downwards,  until  at  length  it 
will  reach  the  ground. 

Let  fig.  1 and  2 represent  two  frames  of  wood  composed 
of  parts  strongly  connected  by  bolts  or  iron  pins. 

Fig.  1.  Will  represent  the  principle  on  which  the  present 
system  of  ship  building  is  conducted. 
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Fig.  2.  The  new  principle. 

Let  CC  represent  the  fulcrum,  or  point  of  support. 

And  DD  two  weights  attached  for  the  purpose  of  ascer tam- 
ing the  comparative  strength  or  stiffness  of  each  frame. 

This  experiment  will  shew  that  the  stiffness  of  fig.  2 is  to 
that  of  fig.  1,  as  6 is  to  i,  and  the  strength  as  3 to  1. 

The  greater  the  length  of  the  frames,  the  greater  will  be  the 
advantages  of  the  new  principle,  both  in  stiffness  and  strength. 


The  substitution  of  the  triangle,  as  in  the  frame  of  fig.  2, 
for  the  rectangle  in  the  frame  fig.  1,  comprehends  the  prin- 
ciple of  the  new  system,  the  use  and  advantages  of  w7hich  will 
be  sufficiently  evident. 

The  arrangement  of  the  materials  in  the  triangular  mode 
is  such,  that  the  pieces  disposed  horizontally  are  acted  upon  as 
ropes  are  by  a strain  of  the  fibre,  whilst  the  other  parts,  com- 
posing a series  of  triangles,  are  pressed  upon  as  pillars ; in  other 
words,  the  pressure  acts  in  the  direction  of  the  fibres  of  the 
wood;  Whereas  upon  the  rectangular,  or  old  plan,  the  fibres 
are  acted  upon  transversely,  or  across  the  grain,  in  the  same 
manner  as  a stick  is  when  placed  across  the  knee  and  pressed 
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by  the  hands  at  each  end,  which  first  bends,  and  then 
breaks. 

To  prevent  any  transverse  action  upon  the  fibre  of  the 
timber,  is  one  of  the  benefits  arising  from  the  new  system,  and 
to  impede  a longitudinal  extension  of  the  structure,  is  another. 

For  as  the  diagonal  frame,  composed  of  a series  of  triangles, 
aided  by  diagonal  trussing  between  the  ports,  prevents  the 
fabric  from  being  acted  upon  transversely  to  the  fibres  of 
the  materials  horizontally  placed,  so  the  wales,  the  plank- 
ing, the  shelf  pieces,  the  improved  waterways,  and  the  decks 
systematically  secured,  become  the  tie  beams  of  the  struc- 
ture. In  a word,  the  system  of  triangles  is  so  constructed,  in 
conjunction  with  the  planking  of  the  ship,  as  conjointly  to 
possess  that  property  of  a triangle  already  explained,  viz.  that 
its  figure  is  as  unalterable  as  the  compression  or  extension  of 
the  fibre  of  timber  will  admit  it  to  be. 

The  strength  of  the  principle  has  hitherto  been  considered  as 
applying  to,  or  resisting  an  alteration  of,  the  figure,  by  giving 
great  stiffness.  It  is  now  to  be  taken  in  another  point  of  view, 
that  of  rendering  the  strength  of  the  fabric  as  general  and 
united  as  possible.  For  let  it  be  again  observed,  the  strength 
of  any  body  is  but  equal  to  that  of  its  weakest  part. 

In  the  new  system,  the  openings  between  the  ribs  are  filled 
in  with  slips  of  timber  nearly  to  the  height  of  the  orlop,  or 
lower  tier  of  beams ; which  being  then  caulked,  and  paid  or 
pitched  over,  makes  the  frame  from  head  to  stern,  and  within 
a few  feet  of  the  greatest  draught  of  water,  one  compact  and 
water  tight  mass  of  timber ; so  that  were  any  of  the  outer 
planking  of  the  bottom  to  be  knocked  off,  the  ship  would  not 
only  still  keep  afloat,  but  would  be  secured  from  sinking.  In 
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the  old  system  the  starting  of  a plank  would  be,  and  often 
has  been,  fatal. 

1 he  mode  of  filling  in  these  openings  between  the  frame, 
where  the  width  of  the  space  does  not  exceed  three  inches,  is 
by  driving  in  slices  of  wood  cut  wedge-like ; two  of  which 
being  driven,  one  from  the  outside,  the  other  from  within, 
form  the  parallel  space  of  the  opening,  thereby  bringing  the 
parts  into  the  closest  contact.  In  the  openings  exceeding  the 
width  of  three  inches,  the  space  is  occupied  by  pieces  corre- 
sponding with  the  openings,  the  fibre  of  such  pieces  being 
laid  in  the  same  direction  as  that  of  the  frame  timbers. 

These  fillings  occasion  no  consumption  of  useful  timber,  as 
one  fourth  of  the  produce  of  slab,  and  other  offal  now  sold  as 
fathom  wood,  would  supply  a sufficient  quantity  for  the  con- 
sumption of  the  whole  navy. 

The  advantages  obtained  by  filling  in  the  openings  are 
these.  To  add  to  the  strength  and  durability  of  the  fabric,  to 
preserve  the  health  of  the  crew  from  the  effects  of  the  impure 
air  arising  from  the  filth  which  soon  collects  in  these  openings, 
to  render  the  ship  less  liable  to  leakage,  as  well  as  to  facilitate 
the. stoppage  of  any  leak,  and  lastly,  to  increase,  as  it  may  be 
said,  the  thickness  of  the  bottom  from  four  or  four  and  a half, 
(the  usual  thickness  of  the  plank)  to  about  sixteen  inches, 
thereby  lessening  very  considerably  the  danger  to  be  appre- 
hended from  getting  on  shore,  or  foundering  at  sea.  That  it 
tends  also  to  the  durability  of  the  ship,  will  be  inferred  from 
the  following  positions. 

1st.  That  the  openings  in  the  old  principle  are,  after  a ship 
has  had  any  considerable  length  of  service,  choked  up  in 
many  parts  with  an  accumulation  of  filth. 

Qq 
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2dly.  That  no  free  circulation  of  air  can  be  obtained  in  these 
openings  by  any  means. 

3dly.  That  timber  being  either  freely  exposed  to,  or  ex- 
cluded from  the  air,  is  equally  preserved. 

4thly.  That  it  has  been  found  on  examining  the  frame  and 
plank  of  old  ships,  that  those  parts  (now  filled  in),  generally 
decay  sooner  than  the  rest,  viz.  from  the  floor-heads  in  the 
midships,  and  from  the  deadwood  forward  and  abaft  to  the 
height  of  the  orlop  clamps. 

If  the  above  positions  be  true,  it  will  follow,  that  by  filling 
in  these  openings,  much  will  be  added  to  the  durability  of  the 
ship;  which  also  will  be  further  promoted  by  omitting  in  these 
parts  the  inside  plank,  leaving  thereby  the  surface  of  the 
frame  timbers  exposed  to  a free  admission  of  air  as  often  as 
the  ship’s  hold  is  unstowed,  and  by  the  filling  in,  excluding 
the  air  from  two  of  the  sides  of  every  timber. 

By  omitting  the  inside  plank,  much  is  added  to  the  internal 
capacity  of  the  ship’s  hold.  For  though  the  trussed  frame 
projects  from  the  timbers  more  by  five  inches  than  the  thick- 
stuff  at  the  floor  heads,  yet,  as  in  the  old  system,  the  per- 
pendicular riders  are  brought  upon  the  thick  stuff,  their  pro- 
jection into  the  hold  is  more  by  eight  inches  than  that  of  the 
new,  the  advantage  therefore  as  to  stowage  is  in  favour  of  the 
diagonal  frame.  A tier  of  iron  ballast  will  also  be  disposed 
of  in  this  principle  many  inches  lower,  whereby  an  increase 
of  stability  will  be  given  with  less  weight,  which  will  favour 
the  ship  in  carrying  her  ports  higher  out  of  the  water,  inas- 
much as  greater  stability  will  be  given  with  less  ballast. 

An  accurate  conception  of  the  state  of  the  ship’s  hold  may 
be  formed,  by  referring  to  the  longitudinal  section  (PI.  X. 
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figure  l,  which  is  termed  the  Jesuit's  perspective,  or  bird's 
eye  view)  of  the  internal  part  of  one  side  of  a 74  gun  ship  in 
a complete  state,  with  fillings  in  the  openings  between  the 
timbers  of  the  frames  instead  of  the  planking  over  them. 

In  this  state  the  diagonal  timbers  are  introduced,  intersect- 
ing the  timbers  of  the  frame  at  about  the  angle  of  45  degrees, 
and  so  disposed  as  that  the  direction  in  the  fore,  is  contrary 
to  that  of  the  after  part  of  the  ship  (as  may  be  seen  in  the 
engraving),  and  their  distance  asunder  from  six  to  seven  feet 
or  more ; their  upper  ends  abutting  against  the  horizontal 
hoop  or  shelf  piece  of  the  gun  deck  beams,  and  the  lower  ends 
against  the  limber  strakes,  except  in  the  midships,  where  they 
come  against  two  pieces  of  timber  placed  on  each  side  of  the 
keelson  for  the  purpose  of  taking  off  the  partial  pressure  of 
the  main  mast,  which  always  causes  a sagging  down  of  the 
keel,  and  sometimes  to  an  alarming  degree.  These  pieces  of 
timber  are  nearly  as  square  as  the  keelson,  and  fixed  at  such 
a distance  from  it,  as  that  the  main  step  may  rest  upon  them. 
They  may  be  of  oak,  or  pitch  pine,  and  as  long  as  can  be  con- 
veniently procured. 

Pieces  of  timber  are  next  placed  in  a fore  and  aft  direction 
over  the  joints  of  the  frame  timbers  at  the  floor  and  first  fut- 
tock  heads,  their  ends  in  close  contact  with,  and  coaked  or 
dowelled  to  the  sides  of  the  diagonal  timbers.  In  this  state 
the  frame  work  in  the  hold  presents  various  compartments, 
each  representing  the  figure  of  a rhomboid. 

A truss  timber  is  then  introduced  into  each  rhomboid  with 
an  inclination  opposite  to  that  of  the  diagonal  timbers,  thereby 
dividing  it  into  two  parts.  The  truss  pieces  so  introduced  into 
the  rhomboid,  are  to  the  diagonal  frame  what  the  key  stone 

Qq  2 
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is  to  the  arch  ; for  no  weight  or  pressure  on  the  fabric  can 
alter  its  position  in  a longitudinal  direction,  till  compression 
takes  place  at  the  abutments,  and  extension  of  the  various 
ties. 

This  arch-like  property  of  the  diagonal  frame,  not  only 
opposes  an  alteration  of  position  in  a longitudinal  direction, 
but  also  resists  external  pressure  on  the  bottom,  either  from 
grounding  or  any  other  cause,  because  no  impression  can  be 
made  in  its  figure  in  these  directions,  without  forcing  the 
several  parts  of  which  it  is  composed  into  a shorter  space. 

The  connection  which  is  kept  up  by  means  of  this  trussed 
frame  firmly  attached  to  the  timbers  of  the  ship  by  circular 
coaks  and  bolts,  together  with  the  shelf  pieces  united  to  the 
sides  and  to  the  several  beams  by  means  of  the  same  sort  of 
fastenings,  gives  such  unity  to  the  whole  as  to  bear  no  com- 
parison with  that  heterogeneous  and  badly  connected  mass  of 
materials  for  which  it  is  substituted. 

It  has  hitherto  been  a generally  received  opinion,  that  stiff- 
ness or  inflexibility  in  a ship  is  not  strength,  but  that  a yield- 
ing or  bending  of  the  fabric  is  an  essential  quality  to  preserve 
it  from  being  destroyed  by  the  shocks  which  it  is  destined  to 
sustain. 

This  misconception  must  have  arisen  from  an  equally  in- 
correct idea,  which  is,  that  a ship  is  an  elastic  body,  because 
there  is  a considerable  degree  of  elasticity  in  the  materials  of 
which  it  is  composed.  But  it  should  be  remembered,  that  this 
elasticity  of  the  materials  must  be  very  inconsiderable,  inas- 
much as  the  minute  degree  of  elasticity  in  each  piece  must 
necessarily  be  neutralised  in  the  fabric,  by  the  various  direc- 
tions and  tendencies  of  the  numerous  parts  of  which  it  is 
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composed,  so  that  a ship,  let  her  construction  be  what  it  may, 
either  loose  or  firm,  is  not  in  any  case  elastic.  It  follows  then, 
that  every  action  and  reaction  of  the  sea  operating  upon  dif- 
ferent parts  of  the  fabric  at  different  times,  occasions,  for  the 
want  of  unity  of  the  whole  of  the  parts,  a constant  and  in- 
creasing weakness,  which  by  some  may  have  been  taken  for 
elasticity. 

When  a sea  strikes  a ship  forward,  the  bow  will  rise  with 
the  sea ; which  passing  aft,  lifts  the  midships  in  succession, 
leaving  at  this  time,  in  a great  measure,  the  fore  and  aft  parts 
of  the  ship  with  comparatively  little,  or  no  support.  Such 
shocks,  acting  upon  a body  whose  parts  are  not  firmly  con- 
nected, produce  a bending  and  rebending  of  the  fabric,  so  that 
the  several  planks  of  the  sides  play  over  each  other,  and  the 
fastenings  are  strained  and  loosened  by  a repetition  of  this 
action  and  reaction.  On  the  contrary,  when  a body  is  con- 
structed with  such  general  unity  and  fixedness  of  all  its  parts, 
as  that  if  one  is  moved  the  whole  must  move  with  it,  then  it 
may  be  said  that  all  the  parts  of  the  structure  bear  their  por- 
tion of  the  strain. 

The  decks  come  next  under  consideration,  the  beams  of 
which  are  disposed  in  the  new  system  nearly  as  usual,  except 
that  in  midships,  where  a ship  necessarily  requires  the  greatest 
security,  two  additional  beams  have  been  introduced. 

The  beams  of  the  several  decks  are  attached  to  the  ship's 
side  in  the  following  manner. 

1st.  Ey  shelf  pieces  or  internal  hoops,  distinguished  by  the 
letter  E,  figure  2.  These  shelf  pieces  are  composed  of  several 
lengths  of  timber  scarphed  cr  joined  together  by  coaks,  or 
circular  dowels,  so  as  to  form  a kind  of  internal  hoop,  extending 
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from  the  hooks  forward,  to  the  transoms  abaft,  to  the  under- 
side of  which,  as  well  as  the  under  parts  of  the  beams,  they 
are  securely  coaked,  and  being  then  firmly  bolted  to  the  side, 
instead  of  becoming  a mere  local  fixture  of  the  beam  to  the 
ship’s  exterior  frame,  as  knees  were,  they  are  one  continued 
and  general  security.  The  shelf  piece  is  also  a tie  to  the  top- 
side in  a fore  and  aft  direction,  cooperating  with  the  trussed 
frame,  as  already  explained. 

2dly.  By  chocks,  represented  in  figure  2,  letter  H.,  which 
are  placed  under  all  the  shelf  pieces  in  wake  of  the  beams,  ex- 
cept the  orlop,  in  such  a manner  as  to  receive  the  up  and  down 
arm  of  the  iron  knees.  The  lower  ends  of  those  under  the  gun- 
deck  shelf  piece,  step  on  the  ends  of  the  orlop  beams,  and  those 
of  the  several  decks  above,  step  on  the  projecting  part  of  the 
spirketting  below.  The  chocks,  particularly  those  between 
the  orlop  and  gun  decks,  admit  of  their  being  driven  into  their 
respective  places  very  tight,  thereby  acting  like  pillars.  An- 
other advantage  attending  them,  is  their  great  tendency  to 
stiffen  the  ship’s  side,  and  to  prevent  the  beam  ends  from 
playing  on  the  fastenings  when  the  ship  is  rolling,  or  straining 
under  a press  of  sail. 

The  curved  iron  plate  knees  for  securing  the  orlop  beams, 
and  the  iron  forked  knees  of  the  other  decks,  are  described  in 
figures  3 and  2. 

The  flat  or  planks  of  the  several  decks  being,  on  the  old 
system,  each  of  them  a mere  platform,  or  in  other  words  a 
cover  to  a box  unconnected  with  the  sides,  are  here  so  disposed 
of,  as  not  only  to  oppose  an  alteration  of  figure  from  a force 
acting  on  the  ship  in  a lateral  direction,  but  also  are  made 
subservient  towards  securing  the  beams  to  the  sides  of  the  ship. 
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The  framing  and  flat  of  the  decks  ( excepting  the  quarter- 
deck, forecastle,  and  round-house,  which  are  laid  upon  the 
old  plan)  are  disposed  of,  as  represented  in  figure  5.  The 
former,  that  is,  the  framing  or  ledges  and  beams  in  ticked 
lines,  the  latter  or  planks  in  black  ; those  of  the  starboard 
side  being  laid  contrarywise  to  the  larboard.  The  midship 
ends  of  the  diagonal  planks  abut  against  two  strakes  laid  in  a 
fore  and  aft  direction  without  side  of  the  comings  of  the 
hatchways ; the  other  ends  approach  the  timbers  of  the  frame, 
and  the  buts  at  each  end  are  secured  to  a tier  of  Carlings 
placed  for  that  purpose.  The  flat  or  plank  of  the  deck  so  dis- 
posed is  connected  with  a certain  number  of  coaks  to  the 
hooks,  beams,  and  transoms.  When  the  decks  are  thus  laid, 
waterways,  described  in  figure  2,  are  brought  upon,  and  coaked 
to  the  ends  of  the  plank.  These  waterways  being  then  bolted 
through  the  ship’s  sides,  and  also,  in  an  up  and  down  direc- 
tion, through  the  flat  and  shelf  pieces,  combine  the  whole  in 
one  homogeneous  mass  of  strength. 

Few  ships  are  without  some  complaint  of  apparent  weak- 
ness after  three  or  four  years  service.  These  defects  among 
other  places  shew  themselves  at  the  beam  ends,  which  par- 
tial complaining  proceeds  in  a great  degree  from  the  local 
attachment  of  the  beams  to  the  ship’s  side,  and  the  flat  or 
covering  being  in  toto  unconnected,  as  already  explained. 
The  extreme  ends  of  the  beams  not  being  properly  secured, 
play  and  work  upon  the  fastenings,  so  that  it  is  not  unusual 
to  see  the  bolt  holes  cut  to  an  oval  figure  by  the  friction  of  the 
bolts.  The  remedy  usually  applied  to  a ship  in  this  state  is  to 
load  her  with  additional  materials,  such  as  iron  knees,  stand- 
ards, breasthooks,  &c.  thus  adding  greatly  to  the  original 
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weight  of  the  fabric.  Now  it  is  evident,  that  the  first  gale  of 
wind  the  ship  encounters,  after  being  thus  partially  strength- 
ened, she  must  be  reduced  to  the  same  state  of  weakness  she 
was  in  before  the  remedy  was  applied. 

This  mode  of  strengthening  ships  maybe  compared  to  that 
of  a raft  firmly  secured  in  the  first  place  by  strong  lashing, 
which  after  some  time  works  loose,  or  rather  b}'  working  is 
stretched.  As  it  might  be  too  tedious  a business  to  secure  the 
raft  by  retightening  the  lashing,  a small  cord,  or  some  twine, 
would  be  used  to  answer  the  purpose.  It  is  clear  that  whilst 
the  small  cord  or  piece  of  twine  remained  tight,  no  part  of 
the  strain  can  bear  upon  the  strong,  but  loose  lashing,  till  the 
other  stretches  or  breaks ; so  it  is  with  a ship  that  has  addi- 
tional securities  given  her  without  refastening  those  which  had 
worked,  or  were  much  strained. 

To  remedy  defects,  whether  arising  from  the  decay  of  the 
materials,  or  from  any  other  cause,  the  principle  now  applied 
has  many  advantages,  of  which  a slight  inspection  of  the  ship's 
hold  (figure  1,)  will  convince,  but  in  no  respect  is  this  advan- 
tage greater,  than  in  the  decks,  for  by  shifting  them  when 
worn  too  thin  for  caulking,  the  original  connection  between 
the  beams,  decks,  and  sides,  will  be  restored  as  perfect  as  at 
first. 

The  tendency  of  the  ship  to  stretch  or  draw  asunder  in  her 
upper  works,  being  by  no  means  obviated  by  the  short  planks 
on  the  inside  between  the  ports,  a truss  piece  of  plank  is  sub- 
stituted in  lieu  of  them,  which  being  well  secured  at  the  abut- 
ments, very  materially  aids  the  trussed  frame,  and  gives  great 
stiffness,  thereby  opposing  the  inclination  to  arch  or  hog 
aloft. 
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Figure  4 represents  the  stern  of  a ship  with  the  trussing 
and  iron  work  for  its  security.  By  this  the  helm  port  transom, 
which  consumes  one  of  the  largest  and  most  difficult  trees 
required  for  a ship,  is  dispensed  with. 

Those  essential  qualities  of  strength,  safety,  and  durability, 
having  been  detailed,  a few  observations  with  respect  to  the 
economy  of  the  new  principle  may  not  be  misplaced,  which 
though  but  of  a secondary  consideration  compared  to  the 
others,  yet  as  the  royal  navy  cannot  be  kept  up  without  a 
supply  of  foreign  timber,  it  evidently  becomes  a subject  of 
considerable  moment,  that  upwards  of  one  hundred  and  eighty 
oak  trees  should  be  saved  in  a seventy-four,  and  a greater 
number  in  larger  ships,  allowing  each  tree  to  measure  a load, 
or  fifty  feet  rough  contents. 

The  consumption  of  this  scarce  article  may  be  further  con- 
siderably lessened  in  the  new  system  by  the  use  of  inferior, 
and  old  ship  timber,  which  cannot  be  employed  in  the  other, 
and  if  old  ship  timber  was  to  be  generally  introduced,  as  was 
done  in  the  Ramillies,  one  seventh  part  of  the  English  oak 
required  for  a new  74  gun  ship  might  be  saved. 

The  facility  of  ascertaining  the  state,  and  making  good  the 
defects  of  the  frame  in  the  lower  part  of  the  ship,  in  conse- 
quence of  omitting  the  inside  planking,  will  also  occasion  a 
considerable  saving  of  timber  and  workmanship,  indeed  the 
great  ease  by  which  any  part  of  the  diagonal  frame  may  be 
replaced,  justifies  the  making  use  of  fir  timber,  particularly 
for  the  longitudinal  piece  and  trusses. 

But  should  the  well  grounded  hopes  of  durability  be  re- 
alized, the  saving  of  timber,  and  indeed  of  every  article  re- 
quired for  this  enormous  branch  of  the  national  expenditure, 
would  be  immense. 
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The  author  of  this  paper  cannot  conclude  without  observing 
that  the  appointment  of  most  excellent  and  meritorious  officers 
to  the  ships  already  completed  on  his  principle,  may  be  con- 
sidered as  a most  favourable  circumstance  towards  ascertain- 
ing the  real  merits  of  the  construction. 

Indeed,  the  orders  for  carrying  this  new  principle  of  con- 
structing His  Majesty's  ships  into  effect,  were  directed  by  such 
an  honourable  spirit  of  liberality ; and  so  unshackled  was  the 
authority  given,  to  enable  the  writer  to  carry  his  plans  into 
execution,  that  no  subterfuge  can  avail  him  should  any  failure 
be  found  in  the  system. 
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XVI.  Remarks  on  the  employment  of  Oblique  Riders , and  on  other 
alterations  in  the  construction  of  Ships.  Being  the  substance  of 
a Report  presented  to  the  Board  of  Admiralty,  with  additional 
demonstrations  and  illustrations.  By  Thomas  Young,  M.  D. 
For.  Sec . R.  S. 
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1.  Introductory  Observations. 

The  advantage  derived  from  the  employment  of  forces  acting 
obliquely  with  respect  to  each  other,  in  a variety  of  cases 
which  occur  in  practical  mechanics,  has  been  demonstratively 
established  by  theoretical  writers  on  the  subject ; and  attempts 
have  often  been  made  to  extend  the  application  of  the  prin- 
ciple very  considerably  in  the  art  of  ship-building ; but  hitherto 
with  very  little  permanent  success.  Mr.  Seppings's  arrange- 
ments are  in  many  respects  either  new  or  newly  modified ; 
and  the  results  of  their  actual  employment,  in  the  repair  of  the 
Tremendous,  appear  to  be  sufficiently  encouraging  to  entitle 
them  to  a careful  and  impartial  investigation,  both  with  regard 
to  the  theory  on  which  they  are  supposed  to  be  founded,  and 
to  the  facts  whicli  may  be  produced  in  their  favour.  The 
question,  respecting  the  best  disposition  of  the  timbers  of  a 
ship,  is  by  no  means  so  easily  discussed,  as  may  be  supposed 
by  those,  who  have  considered  the  subject  but  superficially; 
and  if  we  allowed  ourselves  to  be  influenced  by  a few  hasty 
arguments  or  experiments,  we  might  be  liable  to  the  most 
dangerous  errors : on  the  other  hand,  it  may  easily  happen 
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that  objections  to  the  application  of  those  arguments  or  experi- 
ments, which  may  occur  at  first  sight,  may  be  capable  of  being 
removed  by  a more  minute  investigation  : and  the  importance 
of  the  subject  requires,  that  no  assistance,  which  can  be  afforded 
by  the  abstract  sciences,  should  be  withheld  from  the  service 
of  the  public,  even  by  those  who  have  no  professional  motives 
for  devoting  themselves  to  it. 

2.  Forces  acting  on  a Ship. 

The  first  consideration  that  is  necessary,  for  enabling  us  to 
judge  of  the  propriety  of  any  arrangement  respecting  the 
construction  of  a ship,  is  to  determine  the  nature  and  magni- 
tude of  the  forces  which  are  to  be  resisted  ; and  the  second,  to 
inquire  in  what  manner  the  materials  can  be  arranged,  so  as 
best  to  sustain  the  strains  which  these  forces  occasion.  The 
principal  forces,  which  act  on  a ship,  are  the  weight  of  the 
whole  fabric  with  its  contents,  the  pressure  of  the  water,  the 
impulse  of  the  wind,  and  the  resistance  of  the  ground  or  of  a 
rock : and  we  must  endeavour  to  ascertain  the  degree  in 
which  any  of  them  have  a tendency  to  bend  the  ship  longitu- 
dinally or  transversely,  or  to  break  through  any  part  of  her 
texture ; and  to  inquire  into  those  causes,  which  are  likely  to 
promote  or  to  obviate  the  decay  of  the  substances  employed. 

3.  Causes  of  arching . Weight. 

It  is  unnecessary  to  explain  here  the  well  known  inequa- 
lity of  the  distribution  of  the  weight  and  pressure,  which  causes 
almost  all  ships  to  have  a tendency  to  arch  or  hog,  that  is,  to 
become  convex  upwards,  in  the  direction  of  their  length.  It 
is  possible  that  there  may  be  cases  in  which  a strain  of  a very 
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different  nature  is  produced : but  in  ships  of  war,  this  tendency 
appears  to  be  universal.  It  is  however  very  different  in  degree 
in  the  different  parts  of  a ship;  and  of  course,  still  more  dif- 
ferent according  to  the  different  modes  of  distribution  of  the 
ballast  and  stores,  which  may  occur  in  different  ships  : but  in 
ordinary  cases,  it  will  probably  be  found  nearly  such  as  is 
represented  in  the  calculations  subjoined  in  the  note,*  de- 


* In  a modern  74  gun  ship,  fitted  for  sea,  the  length  being  176  feet,  the  breadth 
47|,  the  forces  are  thus  distributed. 


Aftermost  49  f. 

Weight  699 

Pressure  627 

Difference  72  tons, 

Next  20 

297 

4°5 

— 108 

5° 

1216 

1098 

1 18 

20  • 

290 

4°9 

-119 

37 

498 

461 

37 

176 

3000 

3000 

00 

Now  the  laws  of  equilibrium  will  not  allow  us  to  suppose  these  forces  concentrated 
in  the  middle  of  the  respective  portions,  or  equally  distributed  through  them ; and  it 
becomes  necessary,  that  one  of  the  weights  should  be  situated  further  forwards;  which 
must  be  that  of  the  foremost  portion,  containing  the  bowsprit  and  its  rigging.  It  is 
also  natural  to  suppose  the  excesses  of  weight  and  pressure  distributed  with  as  few 
abrupt  changes  as  possible,  sc  as  to  neutralise  each  other  at  the  common  termination 
of  the  adjoining  portions,  and  to  become  more  unequal  in  parts  more  remote  from 
these  neutral  points.  Thus  the  excess  of  weight  in  the  first  49  feet  being  72  tons,  it 
may  be  supposed  to  begin  at  the  rate  of  — tons  per  foot,  and  to  diminish  gradually 

and  equably,  so  that  its  centre  of  action  will  be  at  the  distance  --  from  the  end : the 
excess  of  pressure  must  increase  in  the  next  place,  until  at  the  distance  of  59  feet  from 

the  stern,  it  becomes  — per  foot,  and  must  then  diminish  until  it  vanishes  at  69, 

1 1 8 

where  the  excess  of  weight  must  begin  to  prevail,  becoming,  at  94,  — per  foot,  and 
vanishing  at  119.  The  excess  of  pressure  might  then  be  supposed  to  increase 
gradually  through  the  next  portion,  in  order  to  avoid  an  abrupt  change  at  its  extre- 
mity ; but  this  supposition  would  still  be  insufficient,  and  it  becomes  necessary  to 
imagine  that  for  6.6  feet  the  forces  remain  neutralised,  and  the  pressure  then  prevails, 
so  that  its  excess  becomes  at  last  17.7  per  foot ; it  must  then  decrease  for  17.5 
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duced  from  data  which  have  been  obligingly  furnished  by  an 
acute  and  experienced  member  of  the  Navy  Board. 


feet,  and  the  excess  of  weight  at  the  extremity  must  become  19.7  per  foot,  the  neutral 
point  being  at  156.5.  The  equilibrium  of  the  forces  will  then  be  expressed  by  the 
equation  72  x 16.3  — 108  X 59  + 118  x 94  — 1 19  X 134  5 — 155  X 144  8 + 192 
X 169.5  — o,  which  is  sufficiently  accurate  for  every  purpose. 

From  this  distribution  of  the  forces,  we  obtain  a determination  of  the  strain  for  each 
point  of  the  respective  portions,  which  is  in  the  joint  ratio  of  the  magnitudes  and 
distances  of  all  the  forces  concerned,  on  either  side  of  the  point,  reduced  into  a common 

1 r.  1 r • . . 144  t T H4  •* 

result.  For  the  first  portion  it  is  x x \x— — - . — 

49  49  49 

, x being  the  distance  from  the  stern  : for  the  2d,  72  (x — 164)  — 4. 

49  49  10 

~~0i9)  : 3<*,  72  (*  - i6t)  — 54  (*  — 55t)  - (*  - 59)2  + I • 7—  • 


X±x  = 


11-*-  X 
6 

49 


(x  — 59)*:  4th,  72  (x  — 1 64)  — 108  (x  — 59)  + i . — . — : 5th, 


25 
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-0^-4.11^1=194) 


)3 


72  (x— - 164)  — 108  (x  — 59)  + 59  (x  — 94)  — (x  — 94)  7r 

6th,  from  1 19  to  125.6,  72  (x  — 164)  — 108  (x  — 59)  4-  118  (x  — 94)  : for  the 


, . , , . . . no  (x  — I2C.6)3 

7th,  we  must  add  to  this  expression  — 4 : — - - • 


*3-4 
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and,  in  the  last  37 


1 176  — x)s 

feet,  the  strain  will  be  expressed  by  ( 176  — x)  19.7  x | ( 176  — x) — i 19.7  "{^  7 — • 

Hence  we  find  the  strain,  at  seven  points,  22  feet  distant  from  each  other  and  from  the 
ends,  605,  1993,  2815,  2244,  2655,  4610,  and  1 875  ; and  by  taking  the  fluxion  of  x 
in  the  seventh  portion,  we  determine  the  maximum  at  141 1 feet,  amounting  to  5261 
tons,  supposed  to  act  at  the  distance  of  one  foot. 

In  order  to  form  an  idea  of  the  curve  which  would  be  produced  by  such  a strain, 
acting  on  a uniformly  flexible  substance,  we  may  consider  the  curvature  as  represented 
by  the  second  fluxion  of  the  ordinate  y,  and  by  finding  and  correcting  the  fluent 
separately  for  each  portion,  we  may  obtain  the  ordinate  or  fall  at  any  given  point 
corresponding  to  a given  extent  of  arching  of  the  whole  fabric.  It  will  however  be 
sufficiently  accurate  for  this  purpose,  to  consider  the  forces  as  concentrated  in  a limited 
number  of  points,  dividing  those  which  act  in  the  extreme  portions  into  two  parts,  in 
order  that  the  curvature  may  be  continued  to  the  ends  ; so  that  the  whole  of  the  forces 
may  be  thus  distributed:  at  o,  36;  at  324,  36;  at  59,  — 108,  at  94,  118;  at  134.5, 
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Longitudinal  Pressure. 

To  this  strain  another  is  added,  from  a cause,  which, 
although  not  very  inconsiderable,  appears  hitherto  to  have 

— 119;  at  144..S,  — 155  ; at  163,  96  ; and  at  176,  96.  The  strain  for  each  portion 
may  then  be  represented  by  a — bx,  whence  ji  — axx  — bxxx,j  — axx  — {bxrx  -f 
ex,  and  y — ~axx  — •£- bx 3 cx  d.  It  will  be  most  convenient,  in  calculation,  to 
make  x begin  anew  with  each  portion,  setting  out  from  the  middle,  and  to  divide  the 
numbers  by  100,  in  order  to  shorten  the  operations  : thus,  for  the  middle  portion, 
from  88  to  59,  the  strain  will  be  .2028  -|-  .36*,  a being  .2028,  and  b — — .36;  and 

y 

when  x becomes  .22,  y is  .00552,  and  when  .*•  — .29,  — — .0740,  and  y — .001 1 ; 

X 

which  values  being  substituted  in  the  equations  for  the  next  portion,  we  have  c — 
.074,  and  d — .001  i : and  by  going  through  the  whole  length  in  this  manner,  we 
find  the  fall  at  the  extremes  and  at  seven  equidistant  intermediate  points,  .08697, 
.05325,  .02514,  .00552,  o,  .00507,  .02531,  .06705,  and  .12325.  If  we  wish  to  find 
the  point  at  which  the  curve  is  parallel  to  the  chord  of  the  whole,  we  must  inquire 
where  c rr  (.12325  — .08697)  : 1.76,  which  will  be  at  98  feet,  or  10  feet  before  the 
midships. 

We  must  next  determine  the  magnitude  of  the  strain  arising  from  the  longitudinal 
pressure  acting  on  the  lower  part  of  the  ship  only.  The  resistance  being  supposed 
to  be  proportional  in  the  first  instance  to  the  degree  of  compression  or  extension,  ac- 
cording to  the  common  and  almost  necessary  law  of  the  constitution  of  elastic  bodies, 
and  varying  also  in  the  direct  ratio  of  the  strength  of  the  fabric,  which  may  be  as- 
sumed to  be  either  equable,  or,  in  the  case  of  a ship,  proportional  to  the  distance 
from  a point  more  or  less. remote,  we  must  form  an  equation  of  equilibrium  for  the 
absolute  equaliiy  of  the  forces  in  opposite  directions,  and  another  for  their  powers  of 
acting  with  resj  ect  to  any  given  point  as  the  fulcrum  of  a lever.  Thus  the  fluxion 
of  the  absolute  resistance  at  the  distance  x from  the  upper  surface,  supposing  the 
strength  to  be  as  a-j-  x,  and  the  neutral  point,  at  which  the  compression  and  extension 
cease,  to  be  at  the  distance  b,  will  be  (b  — x)  c (a  +•*)  x zz  c (ab — ax+bx — xx)  x, 
which,  when  * is  equal  to  the  depth  d,  must  become  equal  to  the  force  f producing 
the  strain,  or  f—  c ( ubx  — -I  bx* — yr3):  and  for  the  second  equation,  referring 

the  forces  to  the  upper  surface  as  a fulcrum,  the  fluent  of  c ( b — .r)  (<?-{- .r)  xx,  must 
be  equal  to  ef,  c beirg  the  distance  at  which  the  force  e is  applied ; whence  ef  — c 
{\abdx— -jad1 + -$bd3 — -}d4).  Now  if  we  make  a — d — x,  the  equations  become 
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escaped  notice  ; that  is,  the  partial  pressure  of  the  water  in  a 
longitudinal  direction,  affecting  the  lower  parts  of  the  ship 
only , and  tending  to  compress  and  shorten  the  keel,  while  it  has 
no  immediate  action  on  the  upper  decks.  The  pressure,  thus 
applied,  must  obviously  occasion  a curvature,  if  the  angles 
made  with  the  decks  by  the  timbers  are  supposed  to  remain 


c (| bdx—jrd')  — /,  and  c (^bd'—^d*)  — ef,  and  from  the  former  we  have  c (| bd*—^d*) 
= \df;  and,  by  subtraction,  \cd+  — (f d—e)f : consequently  the  force  / may  be 
considered  as  acting  on  a lever  of  the  length  e — §d : and  it  we  take  any  other  value 

OCL  Q(L 

for  a,  the  fractional  multiplier  of  d,  instead  of  •§-,  will  be  — thus  if  a — §,  we 

have  e—  T77 d for  the  length  of  the  lever.  In  order  to  find  the  mean  distance  e at 
which  the  pressure  of  the  water  acts,  we  may  suppose  the  form  of  the  mean  trans- 
verse section  of  the  ship  to  be  parabolic,  and  the  area  such  as  to  correspond  to  the 
bulk  of  3000  tons  of  water,  each  containing  35  cubic  feet,  the  length  being  176  feet, 
and  the  breadth  47  j,  whence  the  depth  must  be  18.84  feet:  then  the  centre  of  gra- 
vity of  a parabola  being  at  the  distance  of  | of  the  depth  from  the  vertex,  (Vince’s 
Fluxions,  p.  10 1,)  and  the  centre  of  oscillation  at  |,  when  the  point  of  suspension  is 
at  the  vertex  (p.  1 1 1 ,)  the  distance  of  these  points  will  be  increased  to  when 
the  point  of  suspension  is  removed  to  the  termination  of  the  absciss,  and  the  distance 
of  the  centre  of  pressure  from  the  vertex  will  be  f — -fjzz.  f,  and  | x 1S.84  — 8.074, 
which,  subtracted  from  i x 40  = 1 7-7 77>  leaves  9.703  for  the  length  of  the  lever. 
Now  the  magnitude  of  the  pressure  on  this  section  must  be  to  3000  tons,  as  the  depth 
of  the  centre  of  gravity,  7,536  feet,  to  176,  that  is,  128.45  tons,  which,  acting  at  the 
distance  9-703,  will  produce  a strain  of  1247  tons,  or,  in  the  terms  of  the  preceding 
calculation,  .1247,  which  is  the  multiple  of  fx'  indicating  the  fall.  These  different 
causes  of  arching  being  independent  of  each  other  in  their  operation,  their  effects  will 
be  simply  united  into  a common  result:  and  the  whole  curvature  of  the  ship,  sup- 
posing its  strength  equable  throughout  its  length,  may  be  thus  represented. 

Dist.  from  the  stern  o 22  44  66  88  no  132  154  176 

Strain  1247-fo  605  1993  2815  2224  2655  4610  1875  o 

Fall  - .04828  .02716  .01207  .00302  .coooo  .00302  .01207  .02716  .04828 

.08697  .05325  .02514  .00552  .00000  .00507  .02531  .06705  .12325 

.13525  .08041  .03721  .00854  .00000  .00809  .03738  .09421  .17153 

For  12  inches 

of  arching  10.58  6.29  2.91  .67  .00  .63  2.93  7.37  13.42 
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unaltered,  while  the  keel  is  shortened,  in  the  same  manner  as 
any  soft  and  thick  substance,  pressed  at  one  edge  between  the 
fingers,  will  become  concave  at  the  part  compressed,  (Lect. 
Nat.  Phil.  I.  PI.  9.  F.  117);  and  this  strain,  upon  the  most 
probable  supposition  respecting  the  comparative  strength  of 
the  upper  and  lower  parts  of  the  ship,  must  amount  to  more 
than  one  third  as  much  as  the  mean  value  of  the  former,  being 
equivalent  to  the  effect  of  a weight  of  about  1000  tons,  acting 
on  a lever  of  one  foot  in  length,  while  the  strain,  arising  from 
the  unequal  distribution  of  the  weight  and  the  displacement, 
amounts,  where  it  is  greatest,  that  is,  about  37  feet  from  the 
head,  to  5260,  in  a 74  gun  ship  of  the  usual  dimensions  ; and 
although  the  strain  is  considerably  less  than  this  exactly  in 
the  middle,  and  throughout  the  aftermost  half  of  the  length, 
it  is  no  where  converted  into  a tendency  to  “ sag/’  or  to 
become  concave.  It  must  however  be  remembered,  that  when 
arching  actually  takes  place  from  the  operation  of  these  forces, 
it  depends  upon  the  comparative  strength  of  the  different  parts 
of  the  ship  and  their  fastenings,  whether  the  curvature  shall 
vary  more  or  less  from  the  form,  which  results  from  the  sup- 
position of  a uniform  resistance  throughout  the  length.  An 
apparent  deviation  may  also  arise  from  the  unequal  distribution 
of  the  weight  through  the  breadth  of  the  ship : thus  the  keel 
may  actually  sag,  under  the  step  of  the  mainmast,  even  when 

the  strain,  as  here  calculated,  indicates  a contrary  tendency 

% 

with  respect  to  the  curvature  of  the  whole  ship. 

Force  of  the  fFaves. 

The  magnitude  of  the  strain  on  the  different  parts  of  a ship 
is  subjected  to  very  material  alterations,  when  she  is  exposed 
MDCCCXIV.  S S 
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to  the  forces  of  the  wind  and  waves.  The  effect  of  the  wind 
is  generally  compensated  by  a change  of  the  situation  of  the 
actual  water  line,  or  line  of  fluitation,  so  that  its  amount  may 
be  estimated  from  the  temporary  or  permanent  inclination  of 
the  ship ; and  the  force  of  the  waves  may  be  more  directly 
calculated  from  their  height  and  breadth.  These  two  forces 
can  seldom  be  so  applied,  as  to  combine  their  effects,  in  pro- 
ducing a strain  of  the  same  kind  in  their  full  extent;  it  will 
therefore  be  sufficient  for  our  purpose  to  determine  the  pro- 
bable amount  of  the  force  of  the  waves,  which  is  more  materially 
concerned  in  affecting  the  longitudinal  curvature  than  that  of 
the  wind.  As  a fair  specimen  of  the  greatest  strain  that  is 
likely  to  arise  from  this  cause  in  any  common  circumstances, 
we  may  consider  the  case  of  a series  of  waves  20  feet  in  height, 
and  70  in  breadth  ; the  form  being  such,  that  the  curvature  of 
the  surface  may  be  nearly  proportional  to  the  elevation  or  de- 
pression : a single  wave  might  indeed  act  more  powerfully  than 
a continued  series,  but  such  a wave  can  scarcely  ever  occur 
singly.  We  shall  then  find  upon  calculation,*  that  the  greatest 


* The  strain,  produced  by  the  pressure  of  waves  of  given  magnitude,  may  be  cal- 
culated from  the  comparison  of  the  displacement  with  respect  to  their  surface, 
compared  with  the  displacement  with  respect  to  a level  surface.  It  is  true  that  the 
pressure  upon  the  ship’s  bottom  is  not  immediately  derived  from  the  temporary  height 
of  the  nearest  portion  of  water ; but  the  horizontal  motion  of  the  water,  which  is  the 
proximate  cause  of  the  elevation,  is  equally  capable  of  affecting  the  fluid  under  a 
floating  body,  and  of  causing  a pressure  against  it:  the  effect  being  nearly  similar  to 
the  transmission  of  sound  through  an  elastic  medium.  In  other  cases,  the  actual 
height  of  the  fluid,  over  every  particle  concerned  in  the  transmission  of  a wave,  has 
been  supposed,  in  calculations,  to  determine  the  pressure  on  it : but,  whether  from 
the  necessary  constitution  of  a fluid,  or  from  the  imperfect  fluidity  of  fluids  actually 
existing,  it  appears  that  there  is  a lateral  communication  of  pressure  within  a certain 
angular  extent,  somewhat  like  the  lateral  friction  attending  the  motions  of  fluids ; and 
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Strain  takes  place,  in  a 74  gun  ship,  at  the  distance  of  about  18 
feet  from  the  midships,  amounting  to  about  10,000  tons,  at  the 


this  is  the  most  probable  cause  of  the  deficiency  in  the  velocity  of  waves,  when  their 
breadth  is  very  small  in  proportion  to  the  depth  of  the  fluid.  In  the  present  calcula- 
tion, however,  the  considerations  are  more  simple,  and  we  have  only  to  determine  the 
effect  of  the  difference  produced  during  the  passage  of  a wave  in  the  quantity  of  water 
displaced  by  the  ship,  with  respect  to  the  general  surface.  The  total  height  of  the 
waves  being  20  feet,  and  the  total  breadth  70,  the  section  being  supposed  to  con- 
stitute a figure  of  sines,  the  elevation  or  depression,  at  the  distance  x from  the  middle, 

6.2832 

will  be  10  cos.  px,  p being  — — — — .08976,  the  fluxion  of  the  area  io*  cos.  px , 


70 


10 


and  the  fluent — sin.  px ; at  the  constant  distance  x from  the  middle,  the  fluxion  of 

the  p strain  will  be  (x  — z)  10*9 px,  in  order  to  find  the  fluent  of  which  we  must 
take  the  fluxions  of  xfpx,  and  5 px,  which  are  xfpx  -f  xpx^px,  and  — pxfpx ; hence 

fxx^px  — xfpx  -f-  ~ 9 px;  and  the  fluent  of  the  strain  will  be  — (x — z)  fpx  + 
— frPx  + c>  which  must  vanish  when  .v  — z,  so  that  c zz  — ^ cpz:  now,  when  xrza, 

PP  PP 

the  corrected  fluent  becomes  ~ ia  — • s)  fpa  + 7^  9 pa  — ^7  9 pz  ; and  if  we  take  the 

P PP  PP 


fluxion  of  this,  making  z variable,  we  find,  for  the  maximum,  — 


10  ._ 

—zfpa  -f 

P 


10 

J 


zfpz 


— o,  and  fpz  — fpa , so  that  z must  be  a — 70  — 18,  whence  the  greatest  strain  is 
found,  y x 70  X -999  — 779 1,  expressed  in  square  feet  of  the  longitudinal  section, 

which,  for  a ship  47!  feet  wide,  may  be  reduced  into  tons,  by  multiplying  it  by 

and  will  become  10572.  It  is  true,  that  if  the  waves  allowed  time  for  the  ascent  or 
descent  of  the  ship,  so  that  she  might  float  in  equilibrium,  the  greatest  strain  would 
be  little  more  than  -f  of  this  weight ; but  the  elevating  force  in  the  case  here  calcu- 
lated being  only  of  the  whole  weight,  it  would  require  almost  a second  to  raise  the 
ship  1.265  feet,  and  to  restore  the  equilibrium  ; so  that  notwithstanding  its  gradual 
application,  dependent  on  the  progressive  velocity  of  the  waves,  which  varies  with  the 
depth  of  the  fluid,  there  must  be  an  interval  during  which  it  operates  very  nearly  in 
its  whole  extent,  especially  as  the  occurrence  of  a partial  obstruction  tends  to  increase 
the  total  height  of  a wave  at  the  point  where  it  is  situated. 
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instant  when  the  ship  is  in  a horizontal  position,  while,  in 
more  common  cases,  when  the  waves  are  narrower,  the  strain 
will  be  proportionally  smaller  and  nearer  to  the  extremity. 
Hence  it  appears  that  the  strain  produced  by  the  action  of  the 
waves  may  very  considerably  exceed  in  magnitude  the  more 
permanent  forces  derived  from  the  ordinary  distribution  of  the 
weight  and  pressure,  being,  according  to  this  statement,  nearly 
three  times  as  great;  so  that  when  both  strains  cooperate, 
their  sum  may  be  equivalent  to  about  13,000  tons,  acting  on 
a lever  of  one  foot,  and  their  difference,  in  opposite  circum- 
stances, to  about  5000.  There  may  possibly  be  cases  in  which 
the  pressure  of  the  waves  produces  a still  greater  effect  than 
this  ; it  may  also  be  observed,  that  the  agitation  accompanying 
it  tends  to  make  the  fastenings  give  way  much  more  readily, 
than  they  would  do  if  an  equal  force  were  applied  less  abruptly. 
At  the  same  time,  it  is  not  probable  that  this  strain  ever 
becomes  so  great,  as  to  make  the  former  perfectly  inconsi- 
derable in  comparison  with  it,  especially  if  we  take  into  account 
the  uninterrupted  continuance  of  its  action : it  appears  there- 
fore to  be  highly  proper  that  the  provision  made  for  counter- 
acting the  causes  of  arching  should  be  greater  than  for 
obviating  the  strain  in  the  contrary  direction : for  example, 
that  if  the  pieces  of  timber,  intended  for  opposing  them  were, 
on  account  of  the  nature  of  their  fastenings,  or  for  any  other 
reason,  more  capable  of  resisting  compression  than  extension, 
they  should  be  so  placed  as  to  act  as  shores  rather  than  as  ties : 
although  it  by  no  means  follows,  from  the  form  which  the  ship 
assumes  after  once  breaking,  that  the  injury  has  been  occa- 
sioned in  the  first  instance  by  the  immediate  causes  of  arching  : 
since,  when  the  fastenings  have  been  loosened  by  a force  of 
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any  kind,  the  ship  will  naturally  give  way  to  the  more  per- 
manent pressure,  which  continues  to  act  on  her  in  the  state  of 
weakness  thus  superinduced. 

4.  Breaking  transversely. 

The  pressure  of  the  water  against  the  sides  of  a ship  has 
also  a tendency  to  produce  a curvature  in  a transverse  direc- 
tion, which  is  greatly  increased  by  the  distribution  of  the 
weight,  the  parts  near  the  sides  being  the  heaviest,  while  the 
greatest  vertical  pressure  of  the  water  is  in  the  neighbourhood 
of  the  keel.  This  pressure  is  often  transmitted  by  the  stan- 
chions to  the  beams,  so  that  they  are  forced  upwards  in  the 
middle:  when  they  arc  unsupported,  the  beams  are  more  ge- 
nerally depressed  in  the  middle,  by  the  weight  of  the  load 
which  they  sustain ; while  the  inequality  of  the  pressure  of 
the  water  cooperates  with  other  causes  in  promoting  the  sepa- 
ration of  the  sides  of  the  ship  from  the  beams  of  the  upper 
decks.  On  the  other  hand,  the  weight  of  the  mainmast  often 
prevails  partially  over  that  of  the  sides ; so  that  the  keel  is 
forced  rather  downwards  than  upwards  in  the  immediate 
neighbourhood  of  the  midships.  The  tendency  to  a transverse 
curvature  is  observable,  when  a ship  rests  on  her  side,  in  the 
opening  of  the  joints  of  the  planks  aloft,  and  in  their  becom- 
ing  tighter  below ; although  this  effect  depends  less  imme- 
diately on  the  absolute  extension  and  compression  of  the 
neighbouring  parts,  than  on  the  alteration  of  the  curvature  of 
the  timbers  in  consequence  of  the  pressure. 
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5.  Lateral  Curvature. 

In  such  a case  there  is  also  an  obvious  strain  tending  to 
produce  a lateral  curvature;  and  shores  are  sometimes  em- 
ployed to  prevent  its  effects,  when  a ship  is  “ hove  down"  on 
her  side.  This  indeed  is  comparatively  a rare  occurrence ; 
but  when  a series  of  large  waves  strikes  a ship  obliquely,  they 
must  often  act  in  a similar  manner  with  immense  force : the 
elevation  on  one  side  may  be  precisely  opposite  to  the  depres- 
sion on  the  other;  and  the  strain  from  this  cause  can  scarcely 
be  less  than  the  vertical  strain  already  calculated : but  its 
effects  are  less  commonly  observed,  because  we  have  not  the 
same  means  of  ascertaining  the  weakness  which  results  from 
it,  by  the  operation  of  a permanent  cause.  When  a ship  pos- 
sesses a certain  degree  of  flexibility,  she  may  in  some  measure 
elude  the  violence  of  this  force  by  giving  way  a little  for  the 
short  interval  occupied  by  the  passage  of  the  wave ; but  it  may 
be  suspected  that  her  sailing,  in  a rough  sea,  must  be  impaired 
by  such  a temporary  change  of  form. 

6.  Grounding. 

When  a ship  takes  the  ground,  she  may  either  give  way 
at  once  to  the  stroke  of  a rock,  or  rest  on  a bottom  more  or 
less  soft,  until  she  is  either  wholly  or  partially  abandoned  by 
the  water.  In  the  former  case,  her  resistance  must  depend  in 
great  measure  on  the  parts  in  the  immediate  neighbourhood 
of  the  injury:  in  the  latter,  it  may  happen,  that  she  muy  be 
supported  by  so  large  a surface,  as  to  be  more  in  danger  of 
parting  aloft  than  of  being  crippled  below.  Commonly,  how- 
ever, the  floor  timbers  are  forced  in  at  one  end,  the  first  fut- 
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tocks,  which  are  their  immediate  continuations,  being  broken 
off;  and  sometimes  the  opposite  ends  of  the  floor  timbers  are 
forced  out,  especially  in  large  ships  without  riders,  their  at- 
tachment to  the  keel  remaining  unimpaired. 

7.  Decay * 

The  causes  which  promote  the  decay  of  timber  are  only  so 
far  understood,  as  we  are  acquainted  by  experience  with  their 
effects.  A partial  exposure  to  moisture  appears  to  be  by  far 
the  most  s;eneral  of  these  causes : it  is  well  known  that  total 
submersion  does  not  accelerate  decay;  a surface  which  is  kept 
moist  by  imperfect  contact  with  another,  so  that  a portion  of 
water  is  retained  between  them  by  capillary  attraction,  seems 
always  to  be  the  part  at  which  the  timbers  begin  to  rot;  while 
both  the  surfaces  completely  exposed  either  to  the  drier  air,  or 
to  the  water,  and  those  which  are  wedged  closely  together, 
and  press  strongly  against  each  other,  remain  perfectly  sound. 

8.  Means  of  resistance . 

We  are  next  to  inquire  into  the  comparative  advantages  of 
different  angular  positions  of  the  timbers  of  a ship  for  resisting 
the  forces  which  have  been  described  ; and  in  particular  how 
far  the  arrangements,  which  have  been  proposed  by  Mr.  Sep- 
pings,  are  better  calculated  for  the  purpose,  than  the  common 
inodes  of  construction.  Whatever  opinion  we  may  ultimately 
form  of  these  arrangements,  they  are  by  no  means  sufficiently 
justified  by  the  experiments  which  have  been  exhibited  in 
illustration  of  them.  These  experiments  show,  that  when 
two  parallel  planks,  (Plate  XL,  fig.  1,)  have  loose  pieces  in- 
terposed, extending  perpendicularly  from  one  to  the  other. 
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they  are  incomparably  weaker,  with  respect  to  any  transverse 
force,  than  when  the  intermediate  pieces  are  in  an  oblique 
direction,  so  as  to  constitute  a frame,  which  can  only  be  bent 
as  a whole.  But  it  cannot  for  a moment  be  imagined,  that 
the  planks  of  a ship  are  connected  with  the  timbers  in  as  loose 
a manner  as  these  transverse  braces,  which  will  scarcely  sup- 
port their  own  weight  for  the  purpose  of  the  experiment ; and  in 
fact  the  comparison  would  have  required,  that  the  whole  space 
included  by  the  parallelogram  should  be  filled  up  in  each  case 
by  similar  braces,  or  at  least  that  the  two  planks  should  have 
been  firmly  united  at  the  loose  end  to  the  transverse  braces 
(fig.  g);  and  it  is  demonstrable  that  in  this  case  the  same 
weight  would  have  broken  the  pins,  as  if  one  of  the  planks 
had  been  oblique,  or  as  if  the  planks  had  remained  parallel, 
and  had  been  connected  by  oblique  pieces. 

Such  a result  would,  however,  be  far  from  proving  the  in- 
utility of  the  addition  of  oblique  braces  to  a rectangular  frame: 
for  the  kind  of  strength,  required  for  any  particular  purpose, 
is  not  always  determined  by  the  magnitude  of  the  force  which 
would  be  capable  of  breaking  the  substances  concerned,  al- 
though the  power  of  resisting  such  a force  is  properly  called 
strength,  in  the  most  limited  sense  of  the  term  : but  there  are 
many  occasions  on  which  stiffness  or  inflexibility  is  of  still 
greater  consequence  than  strength,  and  others  again  on  which 
flexibility  is  of  material  advantage.  A coach  spring,  consist- 
ing of  ten  equal  plates,  would  be  rendered  ten  times  as  strong, 
if  it  were  united  into  one  mass,  and  at  the  same  time  a hun- 
dred times  as  stiff,  bending  only  one  hundredth  of  an  inch 
with  the  same  weight  that  would  bend  it  a whole  inch  in  its 
usual  state,  although  nothing  would  be  gained  by  the  union 
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with  respect  to  the  power  of  resisting  a very  rapid  motion, 
which  I have,  on  another  occasion,  ventured  to  call  resilience. 
(Lect.  Nat.  Phil.  I.  p.  143.  II.  p.  50. ) Now  it  appears  to  be 
extremely  difficult  to  unite  a number  of  parallel  planks  so 
firmly  together,  by  pieces  crossing  them  at  right  angles,  as 
completely  to  prevent  their  sliding  in  any  degree  over  each 
other:  and  a diagonal  brace  of  sufficient  strength,  even  if  it 
did  not  enable  the  planks  to  bear  a greater  strain  without  giv- 
ing way,  might  still  be  of  advantage,  in  many  cases,  by  dimi- 
nishing the  degree  in  which  the  whole  structure  would  bend 
before  it  broke. 

The  strength  of  a simple  rectangular  frame,  firmly  fixed 
at  one  end,  is  rendered  somewhat  less  than  double  by  per- 
fectly fastening  the  joints  at  the  other  (fig.  4,)  and  the  stiff- 
ness is  nearly  quadrupled.* 


* When  two  horizontal  bars  are  firmly  fixed  at  one  end  only,  and  simply  united  at 
the  other  end  by  a vertical  piece,  their  immediate  joint  force  in  resisting  flexure  re- 
mains unaltered  ; but  if  the  vertical  piece  is  firmly  fixed  to  the  ends  of  the  bars,  it 
may  be  considered  as  a lever  held  in  equilibrium  by  four  forces,  arising  from  the  re- 
pulsive and  cohesive  powers  of  the  separate  bars;  and  the  sum  of  these  forces  must 
vanish  when  reduced  to  the  same  direction,  while  the  sum  of  their  actions,  referred 
to  any  point  as  a fulcrum,  vanishes  also:  and  it  is  obvious  that  the  total  compression 
of  the  one  bar  will  initially  be  equal  to  the  total  extension  of  the  other,  provided  that 
their  strength  be  equal.  Hence,  if  the  mean  distance  of  the  bars  be  a,  and  the  depth 
b,  reckoned  between  the  centres  of  action  of  the  respective  forces,  which  in  perfectly 
elastic  bodies  will  be  y of  the  whole  depth,  the  first  force  being  x,  and  the  second  — y, 
the  third  will  be  y,  and  the  fourth  — .v,  and,  from  the  equilibrium  with  respect  to  the 
point  of  application  of  the  first  force  as  a fulcrum,  we  have  the  equation  — by+  ay— . 

x — o,  and  x — while  the  joint  effect  of  all  the  forces  in  resisting  the 

• 2 Jy  u <2(i 

pressure  of  the  weight  is  2 (y  -for)  b : c,  c being  the  length  of  the  bars,  or  — . — 

while  the  resistance  of  the  two  single  bars  would  be  — , the  inclination  of  the  elementary 
MDCCCXIV.  T t 
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The  comparative  security,  obtained  by  the  addition  of  a dia- 
gonal brace,  is  almost  without  limit.  Supposing  any  number 
of  planks  of  equal  dimensions  to  lie  simply  on  each  other 
without  any  adhesion,  and  to  be  firmly  fixed  at  one  end,  their 
aggregate  strength  will  be  very  little  greater  than  that  of  a 
single  plank  of  one  sixth  part  of  the  common  depth  or  thick- 
ness of  each,  supported  by  a brace  a little  stronger,  in  the 
direction  of  the  diagonal  of  the  whole,  (fig.  5) ; and  the  stiff- 
ness of  the  parallel  planks  will  be  as  many  times  less  than  that 
of  such  a frame,  as  there  are  planks  in  one  third  of  the  whole 
series.  Thus  if  we  had  twelve  planks,  six  inches  deep,  and 
one  thick,  with  friction  rollers  interposed,  it  is  demonstrably 
true,  however  surprising,  that  they  would  be  very  little  stronger 
in  supporting  a weight  at  the  end,  than  a single  tie  an  inch 
square  in  its  section,  assisted  by  a diagonal  brace  of  equal 
relative  strength : and  also  that  this  apparently  slight  struc- 
ture would  be  nearly  four  times  as  stiff  as  the  12  planks,  being 
depressed  only  one  fourth  as  much,  with  a given  weight,  as 
the  planks  with  a similar  force  acting  on  them.* 

forces  being  here  reduced  to  — : and  since  the  magnitude  of  y at  the  instant  of  break- 
ing is  given,  the  force  will  be  augmented  by  the  firmness  of  the  connexion  in  the 
ratio  of  2 a to  a + b,  which  is  always  less  than  that  of  2 to  1.  The  stiffness  may  be 
nearly  quadrupled  by  the  fastenings,  since  the  depression  at  the  moment  of  breaking 
is  reduced  to  little  more  than  one  half. 

* “ If  one  of  the  surfaces  of  a beam  were  incompressible,  and  the  cohesive  force 
of  all  its  strata  collected  in  the  other,  its  strength  would  be  six  times  as  great  as  in 
the  natural  state.”  Lect.  Nat.  Ph.  II.  50.  Art.  335.  Hence  a plank  of  -i  of  the  actual 
depth,  acting  simply  as  a tie,  supported  by  a brace  fixed  at  the  distance  of  the  depth, 
would  be  as  strong  as  the  original  plank:  and  by  increasing  the  distance  of  the  point  of 
support  of  the  brace  in  the  ratio  of  the  number  of  plahks,  the  strength  of  the  two  ar- 
rangements will  remain  equal,  without  altering  the  dimensions  of  the  tie.  The  length 
of  a plank  being  e,  (Lect.  II.  48.  Art.  326.)  the  depth  b}  the  height  of  the  modulus 
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It  is  well  known,  that  if  the  planks  were  firmly  united  into 
one  mass,  their  strength  would  be  rendered  12  times  as  great 
by  the  union,  and  their  stiffness  144  times:  but  this  is  not  the 
greatest  resistance  of  which  the  materials  are  capable,  even 
without  any  extension  of  their  base  of  support ; for  if  the 
planks  were  connected  in  pairs  at  half  the  distance  of  the 
whole  depth,  and  allowed  to  move  freely  round  fastenings 
perfectly  secure,  their  strength,  speaking  theoretically,  would 
be  greater  by  nearly  one  half  than  if  they  formed  a compact 
mass,  while  their  stiffness  would  be  only  about  one  fourth  as 
great:  and  an  effect  nearly  similar  might  be  produced  if  the 
respective  pairs  were  united  by  oblique  braces,  extending  over 
half  the  depth  of  the  whole  structure,  although  it  would  be 
very  difficult,  in  practice,  to  make  the  strength  of  an  arrange- 
ment of  this  kind  even  equal  to  that  of  a compact  mass,  since 
the  fastenings  could  never  be  so  perfect,  as  to  bring  every 
fibre  of  each  plank  into  its  full  action  at  once,  as  the  theory 
supposes.  If  the  planks  were  already  united  into  a compact 
mass,  so  as  to  be  incapable  of  bending  except  as  a whole,  it  is 
of  importance  to  inquire  whether  any  advantage  would  be 

of  elasticity  m,  the  depression  d,  and  the  force  applied  at  the  end  equal  to  the  weight 
of  a similar  plank  of  the  length  g,  we  have  m zz  g,  and  d — g;  but,  for  a 

simple  frame  of  two  equal  pieces,  the  force  being  g,  the  longitudinal  extending  force 

e e%  g . 2es 

will  be  the  weight  of  ~ g>  and  the  actual  extension  — . — > and  the  depression 

half  as  great  as  that  of  a plank  of  the  same  dimensions,  when  g is  given,  or  supposing 
the  weight  on  the  frame  sextuple,  so  as  to  be  equal  to  that  supported  by  the  plank 
of  six  times  the  depth,  three  times  as  great;  but  by  taking  12  planks  together,  we 
increase  their  stiffness  only  12  times,  while  that  of  the  frame  is  rendered  144  times 
as  great  by  a similar  extension  of  the  base,  so  that  it  becomes  in  this  case  4 times  as 
great  as  that  of  the  12  planks. 
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gained  by  the  further  addition  of  oblique  braces : and  it  will 
appear  that  if  the  braces  were  fixed  to  the  outermost  planks 
of  the  series  only,  they  would  have  no  manner  of  effect  either 
on  the  strength  or  on  the  stiffness,  whatever  might  be  their 
direction ; but  if  they  were  sufficiently  fastened  throughout 
their  extent  to  each  plank  with  which  they  come  into  contact, 
they  would  add  both  to  the  strength  and  to  the  stiffness,  very 
nearly  in  the  same  degree  as  if  they  were  fixed  in  the  direc- 
tion of  the  planks,  at  a distance  from  each  other  equal  to  their 
shortest  actual  distance,  so  as  to  constitute  as  many  ribs  as 
there  are  braces  in  a transverse  line  (fig.  6 ).*  Hence,  al- 
though there  is  obviously  no  economy  in  such  an  employment 
of  oblique  braces,  yet  it  is  by  no  means  true  that  oblique 
braces  are  incapable  of  adding  to  the  strength  of  a structure 
composed  of  pieces  arranged  at  right  angles ; the  assertion 
might  however  be  very  nearly  correct  in  circumstances  ap- 
proaching to  those  of  one  of  the  experiments  which  have  been 
exhibited  for  the  purpose  of  illustrating  the  utility  of  such 
braces.  On  the  other  hand,  the  advantage  of  employing  ob- 
lique braces  must  depend  in  great  measure  on  the  degree  in 
which  the  angular  position  of  the  structure  would  be  suscep- 
tible of  variation  without  them  ; since,  when  properly  fastened, 
they  must  universally  tend  to  preserve  the  form  unaltered, 

* The  extension  and  compression  of  the  whole  fabric  being  supposed  equal,  the 
diagonal  braces  will  undergo  no  change  of  length,  and  therefore  will  not  assist  in  the 
resistance,  if  only  attached  at  their  extremities.  But  in  reality,  although  the  exten- 
sion and  compression  may  be  very  nearly  equal  in  the  first  instant  of  the  change  of 
form,  the  extension  will  always  be  much  greater  after  a certain  time,  from  the  imper- 
fection of  the  fastenings,  which  will  allow  the  parts  to  separate,  while  their  own  re- 
sistance prevents  their  compression  in  a material  degree : so  that  oblique  braces,  how- 
ever fixed,  must  in  this  respect  add  considerably  to  the  strength. 
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although  they  are  somewhat  less  calculated  to  add  to  the 
ultimate  strength  of  the  principal  tie  or  shore,  than  if  their 
direction  had  been  longitudinal.  To  take,  for  example,  the  case 
of  a ship’s  arching  or  hogging : if  the  strength  were  overcome 
without  any  deficiency  of  stiffness,  the  upper  decks  and  wales 
would  be  elongated,  and  the  butts  of  the  planks  aloft  parted, 
while  the  keel  would  be  somewhat  shortened,  and  the  planks 
near  it  crippled,  so  that  a ship  17 6 feet  long  and  40  feet  deep, 
arching  one  foot  with  a uniform  curvature,  would  have  the 
length  of  the  parts  aloft,  on  the  level  of  the  quarter  deck,  22 
inches  greater  than  that  of  the  keel.  If,  on  the  contrary,  the 
strength  were  not  overcome,  but  the  stiffness  only  failed,  the 
angular  situation  of  the  parts  being  altered,  and  the  joints 
simply  becoming  loose  without  parting,  the  planks  would  slide 
on  each  other,  and  their  square  ends  would  no  longer  remain 
in  the  same  vertical  line  at  the  ports,  while  there  would  be  no 
material  alteration  in  the  comparative  length  of  the  decks  and 
keel,  nor  any  permanent  parting  of  the  butts  of  the  planks. 

Grounds  of  decision  respecting  Oblique  Riders. 

This  comparison  therefore  brings  the  question,  respecting 
the  general  utility  of  oblique  riders,  into  a very  narrow  com- 
pass ; and  we  have  only  to  inquire  in  what  way  it  is  most 
usual  for  ships  to  exhibit  symptoms  of  weakness,  in  order  to 
decide  it.  Now  it  will  appear  that,  in  cases  of  arching  in 
general,  some  of  the  butts  of  the  planks  are  always  found  to 
have  parted  aloft,  at  the  same  time  that  the  angular  position 
of  some  parts  of  the  structure  has  as  uniformly  been  more  or 
less  altered  ; and  very  generally  a certain  degree  of  sliding  is 
observable  in  the  planks  at  the  sides  of  some  of  the  ports. 
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This  sliding  is  seen  very  distinctly  in  the  planks  of  the  Albion 
and  of  the  Belliqueux,  now  at  Chatham  : at  the  same  time  there 
are  also  obvious  indications  of  a certain  degree  of  extension 
and  compression : in  the  Albion,  the  butts  of  the  planks  have 
parted  so  far,  that  in  some  instances  pieces  have  been  let  in 
between  them : and  in  the  Belliqueux,  there  is  a space  of  about 
five  inches  between  the  middle  of  the  deck  transom  and  the 
carling,  which  had  originally  been  in  contact  with  it.  In  the 
Asia,  lately  launched  in  the  Medway,  the  arching  amounted  to 
three  inches  and  a quarter,  and  the  comparative  length  of  the 
upper  and  lower  parts  was  probably  altered  about  two  inches 
at  most : the  parting  of  the  butts  amounting  to  of  an  inch 
each  “ for  upwards  of  fifty  feet  in  length  in  the  midships,  and 
for  about  eight  feet  from  the  top  of  the  side,”  making  a total 
extension  of  probably  less  than  an  inch  : so  that  about  half  the 
effect  seems  to  have  been  produced  in  one  way,  and  half  in  the 
other ; but  apparently  the  greater  half  by  the  want  of  stiffness. 
It  is  also  usually  observable,  that  there  has  been  some  degree 
of  permanent  compression  or  crippling  below,  the  butts  of  the 
planks  opening  when  the  cause  of  arching  has  been  removed, 
and  the  sheathing  being  more  wrinkled  than  would  have 
happened  from  the  simple  bending  of  the  planks.  Where  it 
has  been  observed,  that  the  fore  part  of  all  the  treenails  sup- 
ported the  pressure  of  the  planks  in  the  after  part  of  the  ship, 
and  the  after  part  in  the  fore  part  of  the  ship,  the  observation 
must  probably  have  been  made  on  the  lower  parts  of  the  ship, 
from  the  effect  of  a partial  compression  of  this  kind. 
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Authorities. 

From  this  statement  it  appears,  that  unless  some  very  strong 
facts  can  be  produced,  to  disprove  the  probability,  that  the 
relative  angular  position  of  the  parts  constituting  a ship  may 
always  be  materially  altered,  without  an  absolute  failure  of 
strength,  it  cannot  be  denied  that  the  principle  of  oblique 
bracing  offers  a remedy  for  the  tendency  to  arch,  whatever 
doubts  there  may  be  of  the  efficacy  of  any  particular  mode  of 
applying  it.  And  even  if  no  observations  could  be  produced 
in  confirmation  of  the  frequent  occurrence  of  such  a change 
of  the  angular  situation  of  the  timbers,  the  supposition  that  the 
stiffness  could  be  perfect  in  this  respect,  notwithstanding  the 
unequal  shrinking  of  the  timbers,  and  other  similar  circum- 
stances, while  the  ultimate  strength  gave  way  by  the  failure 
of  the  fastenings,  is  in  itself  so  highly  improbable,  that  no 
positive  evidence  would  be  required  for  its  complete  rejection. 
We  shall  find  accordingly,  that  Mr.  Rouguer  takes  for  granted 
the  existence  of  a partial  flexure,  as  sufficiently  admissible 
without  direct  proof,  and  recommends  the  adoption  of  oblique 
planking  as  a remedy ; and  that  other  experienced  authors 
have  been  equally  favourable  to  the  employment  of  some 
similar  arrangements.  In  speaking  of  Mr.  Gobert’s  mode  of 
placing  the  deling  of  a ship  obliquely,  Mr.  Bouguer  observes, 
that  “ this  method  cannot  fail  of  producing  the  most  desirable 
effects;  for  when  the  planking  both  within  and  without  was 
arranged  in  the  direction  of  the  keel,  it  happened,  in  case  of 
the  ship's  arching,  that  the  rectangles  formed  by  the  timbers 
and  the  planking,  merely  changed  their  figure  a little,  so  as 
to  become  rhomboids,  two  of  the  angles  opening  a little,  while 
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the  other  two  became  more  acute : but  when  the  planks  of  the 
deling  are  laid  in  an  oblique  direction,  they  serve  as  diagonals 
to  the  rectangles,  so  that  a simple  change  of  the  relative 
angular  situations  of  the  sides  is  not  sufficient  to  admit  of  the 
arching,  without  an  alteration  of  the  length  of  the  diagonals, 
which  would  afford  a resistance  incomparably  greater,  espe- 
cially at  the  upright  parts  of  the  sides,  although  at  the  floors 
it  would  have  but  little  effect.”  Traite  du  navire,  154.  Mr. 
Groignard  also,  whose  memoir,  on  the  improvement  of  ship- 
building, has  been  obligingly  communicated  to  me  by  an 
ingenious  gentleman,  formerly  his  pupil,  although  he  objects 
to  Mr.  Gobert’s  method,  confesses  that  he  “ should  have  very 
much  approved  this  mode  of  disposing  the  deling,  if  it  had 
been  possible  to  employ  straight  planks,  having  the  same 
obliquity  without  interruption,  throughout  the  whole  of  the 
ship’s  length  ;”  but  thinks,  with  Bouguer,  that  in  carpentry, 
“ every  interruption  is  to  be  avoided  as  dangerous an 
objection  so  vague,  as  neither  to  require  nor  to  admit  a very 
distinct  reply.  Don  George  Juan,  too,  after  a calculation  of 
the  absolute  strength  of  the  pieces  of  timber  employed  in  the 
construction  of  a ship,  very  properly  remarks,  that  the  effect 
of  arching  must  be  attributed  not  to  their  want  of  strength, 
but  to  “ their  play  on  each  other.” 

g.  Mr.  Seppin gs’s  Braces. 

It  appears  therefore  to  be  sufficiently  established,  that  the 
principle  of  employing  oblique  timbers  is  a good  one,  provided 
that  it  be  so  applied  as  to  produce  no  practical  inconvenience. 
We  must  next  inquire  whether  Mr.  Seppings  has  introduced 
it  in  a manner  likely  to  be  effectual,  and  not  liable  to  any 
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material  objections.  He  places,  on  the  sides  of  a 74  gun  ship, 
several  series  of  oblique  braces,  principally  between  the  ports, 
in  the  place  of  the  internal  planking,  making  an  angle  of  about 
240  with  the  decks  ; consisting  of  planks  four  inches  thick,  and 
about  1 1 wide,  coaked  and  bolted  to  the  timbers,  and  abutting 
against  upright  pieces  similarly  fastened.  Now  it  follows, 
from  what  has  already  been  stated,  that  these  pieces  have 
about  four  fifths  as  much  effect  in  cooperating  with  the 
neighbouring  parts,  which  act  horizontally,  as  if  they  had  been 
placed  in  the  same  situation  with  them,  even  on  the  supposi- 
tion that  the  relative  angular  situation  of  the  pieces  is  unalter- 
ably fixed : but  for  preventing  the  alteration  of  this  situation, 
there  is  no  doubt  of  their  being  very  advantageously  arranged, 
so  far  as  their  strength  is  sufficient ; and  the  existence  of  a 
tendency  to  such  an  alteration,  in  a very  material  degree, 
appears  to  be  altogether  indisputable.  Below  the  gun  deck, 
the  oblique  timbers  are  considerably  stronger,  although  they 
act  under  circumstances  somewhat  less  favourable. 

If,  however,  the  resistance  of  a part  of  a structure  is  very 
immediately  directed  against  a certain  force,  without  an  ade- 
quate cooperation  from  other  parts  of  that  structure,  and  if, 
being  abandoned  by  those  parts,  it  is  exposed  to  a strain  which 
it  is  too  weak  to  withstand,  it  is  obvious  that  it  must  inevitably 
be  the  first  to  give  way,  and  must  leave  the  rest  of  the  fabric 
more  exposed  to  be  overpowered  by  such  a force,  than  before 
its  introduction.  We  must  therefore  inquire,  how  far  it  is 
possible  that  Mr.  Seppings's  braces  should  be  so  abandoned. 
Now  supposing  a 74  gun  ship  to  arch  two  feet,  and  one  half 
of  the  change  to  depend  on  the  sliding  of  the  planks  over 
each  other,  which  will  be  allowed,  by  those  who  doubt  the  utility 
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of  the  arrangement,  to  be  fully  as  much  as  can  ever  happen; 
the  greatest  fall  of  the  surface  will  be  one  foot  in  44,  and  the 
length  of  the  brace  will  be  diminished  T|¥,  or  -j—  of  an  inch 
in  the  length  of  six  feet,  which,  with  a moderate  allowance 
for  the  partial  yielding  of  the  fastenings,  it  will  be  perfectly 
capable  of  supporting  without  being  crippled,  although  indeed 
it  could  scarcely  support  much  more.  It  is  obvious,  however, 
that  this  supposition  in  many  respects  far  exceeds  the  utmost 
that  can  possibly  happen : and  it  would  even  require  a greater 
force  to  produce  such  an  effect  on  the  braces,  than  any  which 
the  ship  actually  sustains.  In  order  to  calculate  the  magnitude 
of  the  greatest  strain  which  these  pieces  could  support,  it  will 
be  safest  to  proceed  on  the  supposition,  that  each  square  inch 
of  the  section  of  good  oak  timber  is  capable  of  resisting  the 
pressure  of  four  tons  on  an  average : it  will  then  appear  that 
a single  series  of  such  braces,  as  Mr.  Seppings  employs,  ex- 
tending throughout  the  length  of  each  side  of  the  ship,  would 
support  a weight  of  143  tons,  in  whatever  way  the  force 
counteracting  it  might  be  applied  ; and  estimating  the  effect  of 
all  the  braces  and  riders  as  equivalent  to  about  four  such  series, 
the  whole  would  resist  a force  of  570  tons ; while  the  greatest 
force  derived  from  the  distribution  of  the  weight,  together  with 
the  action  of  such  waves  as  we  have  considered,  amounts  to 
about  ,450  tons : so  that  the  strength  of  these  braces  can 
scarcely  be  insufficient  to  support  the  pressure,  unless  the  ship 
should  be  left  dry,  resting  on  the  middle  of  her  keel,  and  the 
braces  should  be  abandoned  by  all  the  other  parts,  which 
usually  cooperate  with  them.*  The  fastenings  must  indeed 

* If  a jointed  parallelogram,  composed  of  pieces  of  invariable  length,  having  one 
of  its  sides  fixed  in  a vertical  position,  be  supported  by  a diagonal  brace,  the  compres- 
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be  considerably  weaker  than  this,  and  the  other  parts  of  the 
ship  considerably  stronger  ; but  since  the  fastenings  appear  to 
possess  sufficient  strength  to  resist  any  strain  which  is  actually 
likely  to  affect  them,  there  seems  to  be  no  inconvenience  in 
their  inferiority  to  the  other  parts.  In  fact,  the  Tremendous 
actually  supported,  for  three  days,  without  any  perceptible 
change  of  form,  a strain  fully  equal  to  that  which  is  here  cal- 
culated, having  been  purposely  left  on  shores,  which  extended 
through  52  feet  only  of  her  length.  But  it  must  be  re- 
membered, that  such  a force,  from  its  very  gradual  application, 
must  be  much  less  trying  to  the  ship's  strength,  than  the  more 
abrupt  changes  which  occur  at  sea,  and  it  must  on  the  whole 
be  inferred,  that  it  would  be  unsafe  to  trust  to  the  braces  alone, 
unsupported  by  the  cooperation  of  the  neighbouring  parts. 
It  would  probably  be  easy  to  add  some  further  strength  to 
these  braces  near  the  ends  of  the  ship,  where  the  strain  on 
them  is  the  greatest,  especially  about  30  feet  from  the  head, 
if  it  were  found  that  they  gave  way  before  the  rest  of  the 
timbers ; and  it  might  also  be  possible  to  replace  them,  if  they 


sion  or  extension  of  the  brace  will  be  to  the  descent  of  a weight  connected  with  the 
moveable  end  of  the  parallelogram,  as  the  depth  of  the  parallelogram  to  the  length  of 
the  brace,  whatever  the  actual  distance  of  the  weight  may  be ; so  that  although  the  strain 
on  the  horizontal  pieces  increases  with  this  distance,  that  which  affects  the  brace  is  in- 
dependent of  it ; the  relative  being  to  the  absolute  strength  as  the  depth  of  the  frame 
is  to  the  length  of  the  brace.  We  must  therefore  inquire,  what  is  the  greatest  absolute 
force  that  can  be  supposed  to  urge  a given  portion  of  the  fabric  in  either  direction  : 
thus  the  excess  of  weight  which  has  been  attributed  to  the  bowsprit  and  the  neigh- 
bouring parts  being  192  tons  at  1 9^-  feet  from  the  head,  this  force  may  be  occasio- 
nally increased  by  a similar  pressure  derived  from  the  effect  of  the  waves,  which  alone 
would  amount  to  302  tons  at  35-!  feet  from  the  head,  and  which  may  sometimes 
cooperate  with  the  former,  so  as  to  constitute  a force  of  about  450  tons,  about  25 
feet  from  the  head. 
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had  once  failed,  with  greater  ease  than  many  other  parts  of 
the  fabric. 

It  may  be  questioned  how  far  it  is  allowable  to  omit  any 
part  of  the  inner  planks  between  the  ports,  for  which  the  braces 
are  a substitute,  on  account  of  their  utility  in  securing  the  butts 
of  the  planks,  which  are  always  made  to  shift  where  they  are 
supported  by  this  subsidiary  tie : but  with  the  outer  planking 
which  remains,  and  with  the  partial  assistance  of  the  braces, 
to  say  nothing  of  that  of  the  shelf  pieces,  it  can  hardly  be 
believed,  that  the  tie  is  more  likely  to  part  between  two  ports 
of  the  same  deck,  than  immediately  over  one  of  them. 

It  has  been  very  ingeniously  observed,  that  arching  is  not 
only  a part  of  the  evil  occasioned  by  a ship’s  weakness,  but 
that  it  has  an  immediate  tendency  to  afford  a partial  remedy 
for  the  cause  which  produces  it,  by  making  the  displacement 
greater  at  the  extremities  of  the  vessel,  and  smaller  in  the 
middle:  but,  in  fact,  this  change  appears  to  be  too  inconsider- 
able in  its  extent,  to  produce  any  material  benefit : the  strain 
at  the  midships  being  diminished  by  each  inch  of  arching  only 
66  tons,  supposed  to  act  at  one  foot : so  that  very  little  relief 
is  obtained  from  the  change,  in  comparison  with  the  whole 
strain. 

The  case  of  the  Kent,  which  broke  in  a remarkable  degree, 
notwithstanding  the  employment  of  riders  of  large  dimensions* 
is  perfectly  rcconcileable  with  the  principles  which  have  been 
laid  down  : indeed  these  riders,  which  made  an  angle  of  a few 
degrees  only  with  a vertical  line,  could  have  so  little  effect 
either  on  the  strength  or  on  the  stiffness  of  the  structure,  that 
there  was  not  the  slightest  reason  to  expect  any  material 
advantage  from  their  application. 
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The  explanation  which  has  been  given  of  the  universal 
tendency  of  ships  of  war,  in  all  common  circumstances,  to  arch 
throughout  their  length,  is  sufficient  to  justify  the  different 
directions  in  which  Mr.  Seppings  now  arranges  his  braces  in 
the  different  parts  of  the  ship,  since  they  must  necessarily 
afford  a greater  strength  as  shores  than  as  ties,  and  since  the 
most  permanent  and  the  greatest  strain  will  generally  be  such 
as  to  call  them  into  action  in  this  capacity.  When,  however, 
a ship  is  compared  to  an  inverted  bridge,  it  must  not  be 
forgotten  how  necessary  it  frequently  becomes,  to  consider 
these  braces  in  a different  capacity,  and  to  provide  for  this 
contingency,  as  indeed  Mr.  Seppings  has  not  neglected  to  do, 
by  employing  such  fastenings,  as  are  extremely  well  adapted 
to  secure  their  action  as  ties. 

The  shelf  pieces,  which  Mr.  Seppings  employs,  and  the 
superior  strength  of  the  fastenings  of  his  decks  to  the  breast 
hooks  and  transoms,  have  so  obvious  a tendency  to  counteract 
the  causes  of  arching,  that  it  is  unnecessary  to  insist  on  their 
utility : the  weight  and  expense  of  the  shelf  pieces  are  pro- 
bably the  only  drawbacks  upon  the  advantages,  which  they  are 
so  manifestly  calculated  to  afford,  in  resisting  both  a vertical 
and  a lateral  strain  ; and  even  in  these  respects,  they  appear 
to  be  preferable  to  the  wooden  knees  formerly  employed. 

The  filling  up  the  intervals  of  the  timbers,  throughout  the 
hold,  with  wedges  of  old  stuff',  is  perhaps  the  most  indis- 
putably beneficial  of  all  the  alterations  which  Mr.  Seppings 
has  either  introduced,  or  revived  in  an  improved  form.  The 
strength,  which  is  thus  obtained,  acts  immediately  in  the  pre- 
vention of  arching,  and  is  probably,  in  tins  respect,  more  than 
an  equivalent  to  that  of  the  internal  planking,  which  has  been 
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omitted  ; while  the  cohesive  strength  of  the  external  planking, 
considered  as  a tie,  is  still  probably  more  than  sufficient  for 
resisting  the  smaller  force,  which  occasionally  operates  in  a 
contrary  direction:  although  the  strength  of  the  ship,  for 
resisting  such  a force,  is  certainly  much  diminished  by  the 
change.  From  the  manner  in  which  these  wedges  are  driven 
by  Mr.  Seppings,  it  may  easily  be  understood,  that  they  may 
tend  to  produce  a convexity  below,  without  raising  any  part 
of  the  keel  from  the  blocks,  merely  causing  it  to  press  more 
strongly  on  them  at  the  midships;  so  that  if  this  difference 
becomes  equal  to  that  of  the  weight  and  pressure  after 
launching  or  floating,  there  may  be  no  tendency  to  any  further 
change  whatever;  and  hence  it  may  happen, that  without  any 
other  superiority  of  stiffness,  or  even  of  workmanship,  a ship 
may  appear  wholly  exempt  from  arching,  as  the  Tremendous 
did,  and  some  other  ships  are  said  to  have  done.  Without 
the  operation  of  some  such  cause,  even  a hollow  cylinder  of 
compact  oak,  180  feet  long,  50  feet  in  diameter,  and  six  inches 
in  thickness,  if  such  a mass  could  be  supposed  to  exist,  would 
exhibit,  when  immersed  to  the  depth  of  its  axis,  a degree  of 
arching  just  perceptible,  from  the  longitudinal  pressure  of  the 
water  only,  amounting  to  about  ^ of  an  inch  ;*  besides  a 


* “ The  stiffness  of  a cylinder  is  to  that  of  the  circumscribing  prism,  as  three 
times  the  bulk  of  the  cylinder  is  to  four  times  that  of  the  prism.”  (Lect.  Nat. 

Phil.  II.  83.  Art.  339.  B.j : but  the  radius  of  curvature  of  a prismatic  beam  is  -~~n 

12clf 

(P.  46.  Art.  321.)  b being  the  depth,  m the  weight  of  the  modulus,/ the  force,  and 
a the  distance  of  its  application  : and  taking  m for  the  weight  of  the  modulus  of  the 

cylinder,  its  radius  of  curvature  will  be  . But  since  the  stiffness  is  as  the  4th 

power  of  the  diameter,  (P,  49,  Art.  333.)  that  of  the  hollow  cylinder  in  question  will 
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curvature  proportionally  greater  from  the  other  strains,  which 
have  been  already  calculated.  Mr.  Seppings  has  also  very 
properly  introduced,  in  the  Tremendous,  an  additional  kelson 
on  each  side  of  the  step  of  the  mainmast,  in  order  to  support 
its  weight,  and  to  prevent  the  partial  sagging  of  the  keel. 

1 

10.  Riders. 

With  respect  to  the  transverse  strain,  or  the  tendency  of 
the  sides  to  sink  in  comparison  with  the  keel,  some  strength 
is  probably  gained  by  Mr.  Seppings's  mode  of  fixing  the  filling 
timbers  in  the  same  manner  as  the  frames : and  some  advan- 
tage must  be  attributed  to  the  cooperation  of  the  wedges,  or 
fillings  in,  with  the  timbers,  as  far  as  their  connexion  is  capable 
of  bringing  them  into  action.  The  common  cieling  is  by  no 
means  advantageously  placed  for  assisting  in  a resistance  of 
this  kind,  since  it  can  only  act  where  the  curvature  would  be 
increased  by  the  bending  of  the  sides,  and  even  there  can  only 
be  compressed  in  a transverse  direction  ( fig.  7).  The  riders 


be  reduced  in  the  ratio  of  i to  i — -984  = .0786.  Now  when  a cylinder  is  im- 
mersed to  the  depth  of  its  axis,  the  calculation  of  the  effect  of  the  longitudinal  pres- 
sure exactly  resembles  that  of  the  stiffness,  the  strain  being  to  that  which  would  be  the 
effect  of  the  pressure  on  the  ends  of  the  circumscribing  prism  as  | x .7854.  = -58505 

• 5° 

to  1 : but  the  strain  on  the  prism  would  be  = 50  x 25  x 12.5  X — : 35  =7440.5, 

and  for  the  cylinder,  af  — 4383  : and  since  the  height  of  the  modulus  of  elasticity  of 

oak  is  5060000  feet,  (p.  505),  and  its  specific  gravity  nearly  equal  to  that  of  water, 

or  perhaps  a little  greater,  we  have  m — 5060000  X 50  x 50  x -7854  : 35  tons, 

, , ,.  „,bbm  n , 5c4  x 5060000  x .7854:  35 

and  the  radius  of  curvature  .0786  -7—7.  =.0786 . — ; : — - — ■ 

' 1 6af  16  x | x .7854  x 504:  (24x35) 

5060000 

= .0786  . — — — 7-  = 795432  feet;  and  dividing  the  square  of  50  by  twice  this 
number,  we  have  .0051,  or  one  sixteenth  of  an  inch,  for  the  versed  sine  or  arching. 
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commonly  placed  upon  it,  on  the  contrary,  are  very  favour- 
ably situated  for  assisting  in  this'  action ; but  Mr.  Seppings's 
riders  are  so  much  more  numerous,  as  to  possess,  notwith- 
standing their  obliquity,  a still  greater  force.  The  fastenings 
of  the  beams  to  the  sides  are  also  concerned  in  resisting  a 

strain  of  this  kind,  as  well  as  in  counteracting  the  tendency  to 

\ 

an  extension  aloft,  which  is  the  more  immediate  consequence 
of  the  unequal  pressure  of  the  water  against  the  ship's  sides- 
Mr.  Seppings's  fastenings,  so  far  as  they  depend  on  the  shelf 
pieces,  have  probably  some  advantage  over  the  more  common 
ones;  but  the  iron  knees,  which  he  employs  (fig.  8.)  do 
not  appear  to  be  quite  so  economically  arranged  as  the  straps 
of  a simpler  form,  which  other  builders  have  used;  they  afford 
indeed  a very  direct  connexion  with  the  timbers,  and  they 
save  some  valuable  wood  in  the  chocks  which  support  them: 
but  still  there  appears  to  be  some  waste  of  strength  when  they 
act  as  ties,  from  the  great  obliquity  of  the  shoulders,  with 
respect  to  the  direction  of  the  force ; to  say  nothing  of  the 
expense  of  the  workmanship:  and  if,  as  Captain  Campbell 
seems  to  have  suspected,  there  is  any  slight  deficiency  in  the 
transverse  strength  of  the  Tremendous  at  the  waterways,  the 
circumstance  may  afford  a further  reason  for  doubting  of  the 
utility  of  these  fastenings. 

11.  Decks. 

The  least  obvious  advantage  attributable  to  the  obliquity 
introduced  by  Mr.  Seppings  appears  to  be  in  his  mode  of  lay- 
ing the  planks  of  the  decks  ; parts  which  seem  to  be  princi- 
pally required  to  cooperate  with  the  sides  of  the  ship  as  ties 
in  a longitudinal  direction : for  the  slight  curvature,  which  is 
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given  to  them,  can  no  more  render  them  incapable  of  such  an 
action,  than  the  bending  of  a towing  rope  prevents  its  pulling 
along  a boat.  But  in  the  first  place,  the  lower  decks  can  have 
little  or  no  action  of  this  kind,  from  their  near  approach  to  the 
line,  at  which  extension  ceases,  and  compression  begins,  at 
least  until  some  of  the  fastenings  give  way ; and  secondly, 
the  upper  decks  lose  but  one  third  of  their  strength  in  this 
capacity,  by  having  their  planks  disposed  at  an  angle  of  45 
degrees  with  the  sides,  while  the  obliquity  must  be  capable  of 
affording  some  additional  power  of  resisting  the  violent  action 
of  the  waves,  which  sometimes  produces  an  immense  strain  in 
a transverse  or  lateral  direction,  as  well  as  of  enabling  the  ship, 
in  case  of  necessity  , to  be  more  safely  “ hove  down"  on  her  side. 
There  seems  also  to  be  some  convenience  in  having  the  ends 
of  the  planks  covered  by  the  waterways,  with  respect  to  keep- 
ing the  wings  of  the  ship  dry,  although  it  has  been  suspected 
that  the  ends  so  covered  may  be  rendered  somewhat  more 
liable  to  decay.  It  may,  however,  be  apprehended,  that  any 
force,  tending  to  shorten  the  deck,  will  have  some  little  effect 
in  forcing  out  the  sides ; for  instance,  if  the  whole  deck  be- 
came three  inches  shorter,  the  length  of  the  planks  remaining 
the  same,  they  must  force  out  each  of  the  sides  about  a quarter 
of  an  inch,  provided  that  their  connexion  with  the  beams  al- 
lowed such  a change,  which  appears  indeed  somewhat  impro- 
bable. There  may  possibly  be  a slight  difficulty  in  adjusting 
the  planks  to  the  curvature  of  the  beams;  but  this  difficulty 
appears  to  be  readily  overcome  in  other  cases,  as  in  that  of 
the  common  deling.  It  may  hereafter  deserve  to  be  inquired, 
how  far  an  oblique  direction  of  the  carlings  between  the  beams, 
which  in  their  present  situation  seem  to  contribute  very  little 
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to  the  strength,  might  enable  them  to  cooperate  in  resisting 
a lateral  force,  if  the  arrangement  could  be  made  without  too 
much  weakening  the  beams,  in  procuring  proper  abutments 
for  these  pieces. 

12.  Floors . 

It  cannot  easily  be  admitted,  that  Mr.  Seppings's  construc- 
tion affords  any  additional  strength  to  a ship's  bottom  in  case 
of  her  grounding.  The  fillings  in  between  the  timbers  must 
indeed  be  extremely  useful  in  this  respect,  first  by  giving 
firmness  in  the  direction  of  the  length,  since  even  a straight 
plank  is  strengthened  by  having  the  incompressibility  of  its 
outside  increased,  much  more  one  that  is  curved,  in  however 
slight  a degree ; and  secondly,  by  cooperating  with  the  tim- 
bers, considered  as  shores,  so  far  as  the  wedges  are  fixed  in 
their  places  by  their  lateral  adhesion  or  otherwise. 

The  deling,  which  has  been  omitted,  can  have  very  little 
effect  by  its  own  strength  in  preventing  the  separation  of  the 
timbers  at  the  floor  heads ; but  where  there  are  transverse 
riders,  it  must  be  of  essential  advantage  in  enabling  these  to 
come  into  action,  for  the  support  of  the  neighbouring  parts 
exposed  to  pressure ; somewhat  more  effectually  indeed,  in 
many  cases,  than  Mr.  Seppings's  diagonal  riders  and  their 
trusses  can  do,  notwithstanding  the  superiority  of  their  number 
and  aggregate  strength ; on  account  of  the  magnitude  of  the 
intervening  spaces,  which  might  happen  to  receive  the  principal 
stroke  near  their  centres.  This  magnitude  does  not,  however, 
contribute  by  any  means  in  the  same  proportion  to  the  weak- 
ness of  the  parts,  as  it  would  do  if  the  surface  were  plane : 
and  it  is  not  improbable,  that  for  supporting  the  weight  of  the 
ship  on  a very  soft  ground,  Mr.  Seppings's  arrangement 
might  afford  equal  strength  with  the  common  form,  as  seems 
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to  have  been  exemplified  by  his  experiment  of  leaving  the 
Tremendous  for  three  days  on  fourteen  shores  only,  without 
injury:  but  for  encountering  the  stroke  of  a rock,  or  of  very 
hard  ground,  Mr.  Seppings’s  ship  would  probably  be  inferior, 
since  in  this  case  greater  stiffness,  even  with  equal  strength, 
would  be  detrimental  rather  than  beneficial ; while,  on  the 
other  hand,  she  would  undeniably  be  less  liable  to  suffer  from 
any  injury  that  might  happen  to  her  outer  planking  only; 
and,  from  her  superiority  in  this  respect,  might  possibly  sus- 
tain, without  inconvenience,  a stroke,  which  would  be  ulti- 
mately fatal  to  a ship  of  a different  construction. 

13.  Durability. 

There  does  not  seem  to  be  the  slightest  ground  for  the 
apprehension,  that  the  filling  in  should  render  the  ship’s 
timbers  liable  to  decay : on  the  contrary,  the  timbers  of  the 
Sandwich  were  found  perfectly  sound  in  the  lower  half  of 
their  length,  opposite  to  the  wedges  which  had  been  driven 
in  between  them,  and  completely  decayed  in  the  upper  half, 
where  they  had  been  exposed,  in  the  usual  manner,  to  the 
action  of  the  confined  moist  air  and  water;  and  this  result  is 
perfectly  conformable  to  analogy  with  the  few  facts  that  have 
been  ascertained,  respecting  the  general  causes  of  decay.  The 
utility  of  the  filling  in,  for  preventing  the  accumulation  of 
filth,  and  for  keeping  the  ship  free  from  foul  air,  with  respect 
to  the  comfort,  and  perhaps  to  the  health  of  the  crew,  is  too 
obvious  to  require  discussion.  How  far  the  economy  of  tim- 
ber may  in  all  cases  be  so  great  as  Mr.  Seppings  is  disposed 
to  believe,  can  best  be  ascertained  by  those  who  are  in  the 
habit  of  estimating  its  value:  but  if  the  durability  of  the  vessel 
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only  were  improved,  at  an  equal  expense,  the  adoption  of  his 
alterations  would  still  be  highly  advisable. 

14.  Conclusion . 

It  is  by  no  means  impossible,  that  experience  may  suggest 
some  better  substantiated  objections  to  these  innovations,  than 
have  hitherto  occurred  : but  none  of  those  objections,  which 
have  yet  been  advanced,  appear  to  be  sufficiently  valid  to  war- 
rant a discontinuance  of  the  cautious  and  experimental  intro- 
duction of  Mr.  Seppings's  , arrangements,  which  has  been 
commenced  by  orders  of  the  Board  of  Admiralty.  The  filling 
in  seems  to  be  wholly  unexceptionable:  the  braces  between 
the  ports  appear  to  be  decidedly  more  beneficial  than  the 
planks  for  which  they  are  substituted;  and  the  coakings  seem 
to  be  very  judiciously  employed  in  various  parts  of  the  struc- 
ture: but  something  more  may  possibly  be  hereafter  effected 
for  the  further  improvement  of  the  decks,  and  for  the  more 
complete  provision  of  a substitute  for  the  thick  stuff  of  the 
cieling,  in  addition  to  the  diagonal  riders,  if  experience  should 
prove  that  there  is  any  deficiency  in  the  resistance  of  these 
parts.  But  it  must  be  remembered,  in  forming  conclusions 
from  such  experience,  that  when  an  arrangement  of  any  kind 
has  nearly  attained  the  maximum  of  its  perfection,  it  may 
demonstrably  be  varied  in  a considerable  degree,  without  a 
proportional  alteration  of  it s effect ; so  that  the  most  correct 
knowledge  of  scientific  principles,  and  the  minutest  accuracy 
in  their  application,  must  become  indispensably  necessary,  in 
order  to  secure  us  from  the  introduction  of  material  errors, 
derived  from  the  latent  operation  of  accidental  causes,  foreign 
to  the  immediate  subjects  of  investigation. 

Welbeck  Street,  30  Dec.  18 1 x . 
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XVII.  Some  further  Observations  on  Atmospherical  Refraction. 

By  Stephen  Groombridge,  Esq.  F.  R S. 

Read  March  31,  1814. 

In  my  former  paper  on  atmospherical  refraction,  communi- 
cated to  the  Royal  Society  by  my  late  friend,  Dr.  Maskelyne, 
I considered  the  few  observations  made  below  8o°  of  zenith 
distance,  as  not  sufficiently  to  be  depended  on,  for  the  compu- 
tation of  a general  formula  of  refraction:  and  I therefore  used 
vj  Ursas  Majoris  (78°  10'  zen.  dis.)  as  the  lowest  star  for  that 
purpose.  Having  since  applied  the  computed  refraction  from 
the  formula  thence  obtained,  to  observations  of  stars  below  8o°, 
I have  noticed,  that  such  stars  so  corrected,  appeared  to  be 
further  from  the  zenith  below  the  Pole,  than  they  ought  to 
have  been,  from  the  observations  above  the  Pole:  and  there- 
fore that  the  refraction  was  less  at  those  distances  from  the 

* 

zenith,  than  I had  assumed.  This  has  induced  me,  in  the 
years  181 1 and  1812,  to  make  a course  of  observations  of  stars 
below  the  Pv  le,  above  8o°  zenith  distance ; and  as  near  to  the 
horizon,  as  the  trees  in  Greenwich  Park  would  permit;  these 
being  higher  than  the  level  of  my  Observatory.  It  may  also 
be  remarked,  that  those  stars  in  my  former  table  below  8o°, 
produce  the  co-latitude  in  excess;  as  a confirmation,  that 
the  same  formula  will  not  apply  to  those  larger  arcs,  where, 
from  the  rapid  increase  of  the  tangents,  a small  error  in  the 
assumed  quantity  becomes  more  sensible.  Although  various 
hypotheses  may  be  formed,  from  the  known  density  and  tern- 
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perature  of  the  atmosphere ; and  from  these  causes  may  be 
computed  the  effect  they  should  have  on  a ray  of  light  passing 
through  the  same:  yet  we  must  resort  to  observation,  for  the 
verification  of  the  theory ; and  reduce  the  quantity  so  found, 
to  the  most  simple  and  convenient  formula.  I shall  proceed 
to  deduce,  from  this  course  of  observations,  such  formulae  as 
will  appear  to  result,  for  the  computation  of  the  refraction ; 
from  the  zenith,  to  the  lowest  star  which  I have  observed  : 
these  may  be  considered  as  sufficient  for  the  observation  of  the 
sun  at  the  winter  solstice,  in  high  latitudes  ; since  those  of  the 
moon,  from  its  great  parallax,  and  the  planets  from  their 
general  invisibility,  would  probably  not  be  attempted.  Never- 
theless, it  is  to  be  wished,  as  a matter  of  curiosity,  or  from 
which  some  useful  deductions  might  be  made,  that  in  those 
Observatories,  wherein  from  their  elevated  situations  it  might 
be  practicable,  the  true  quantity  of  refraction  should  be 
ascertained  to  the  horizon. 

Of  all  the  formulas  for  computing  the  mean  refraction,  that 
proposed  and  used  by  Dr.  Bradley,  is  the  most  convenient 
and  applicable  for  the  practical  astronomer.  But  as  it  is  now 
acknowledged,  that  the  numbers  he  had  assumed  for  the  co- 
efficient of  r (the  refraction  ;)  and  of  x (the  quantity  at  450) 
were  too  small : their  real  values  will  appear  to  be  the  mean 
of  several  arcs,  and  such  as  I now  propose  to  be  adopted.  I 
have  found,  that  the  same  formula  will  serve  to  87°  of  zenith 
distance ; possibly  this  might  not  happen  in  low  situations, 
where  the  height  of  the  vapours  would  form  a greater  angle 
with  the  horizon : yet  in  more  elevated  places,  we  may  rea- 
sonably suppose,  that  a general  formula  might  be  carried 
nearly  to  the  horizon. 
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In  the  two  annexed  tables  are  given  the  mean  of  the  ob- 
served zenith  distances  of  the  several  stars  ; and  in  the  next 
column  the  mean  refraction, computed  from  the  formula  which 

I proposed  in  my  former  paper;  viz.  tang,  z — 3.3625  rx 
58",  1192  : and  which  has  been  applied  to  these  observations, 
corrected  for  the  barometer  and  thermometer.  In  the  follow- 
ing column,  the  error  or  difference  is  shewn,  between  the 
computed  and  real  zenith  distances ; the  assumed  mean 
refraction,  corrected  by  these  errors,  will  give  the  mean  re- 
fraction, which  should  have  been  applied.  From  these  last 
quantities  are  deduced  the  respective  values  of  (y)  the  co- 
efficient of  r,  and  of  x : and  from  the  mean  of  the  sixteen  stars, 
the  resulting  numbers  will  bey  = 3 6342956,  x = 58."  132967. 
Having  therefore  reduced  the  whole  sixteen  by  these  mean 
values  of  y and  x ; the  error  or  difference  is  noted,  when  com- 
pared with  the  corrected  mean  refraction  which  should  arise 
from  observation.  On  a review  of  these  errors,  and  noticing 
the  mean  state  of  the  thermometer  for  each  star,  the  errors 
seem  to  indicate  a small  correction.  I assumed  in  my  former 
paper,  that  the  refraction  as  affected  by  the  thermometer, 
varied  in  an  arithmetical  ratio  of  ,0021  for  each  degree  of 
Fahrenheit's  scale  ; and  the  mean  state  to  be  at  450  for  the 
thermometer  without.  Continuing  the  same  mean  state,  and 
changing  the  ratio  to  ,0020,  these  errors  will  be  affected 
~roioo  the  refraction,  for  each  degree  above  and  below  45°; 
which  being  applied,  will  reduce  the  final  error,  as  shewn  in 
the  last  column. 

In  the  same  manner  I proceeded  to  find  the  values  of  y and  x, 
from  the  six  lower  stars,  contained  in  the  second  table;  but 
the  respective  values  of  both  y and  x were  variable,  and  each 
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in  a decreasing  ratio.  To  discover  the  law  of  variation  for  each, 
would  have  been  complex  ; therefore  retaining  the  value  of  x 
as  general,  I found  y to  vary  as  the  minutes  of  each  degree 
above  87°  x ,00462  ; the  co-efficient  (y)  of  r when  so  reduced 
is  given  ; the  mean  refraction  resulting,  is  contained  in  the 
following  column  ; and  being  corrected  for  the  new  factors  of 
the  thermometer,  there  remains  the  final  error. 

With  a view  to  assist  me  in  ascertaining  whether  the  re- 
fractions were  affected  by  local  vapours,  Dr.  Brinkley  has 
kindly  communicated  to  me  some  observations  of  low  stars; 
which  when  reduced  by  the  same  formula  do  not  materially 
differ  from  my  own.  12  Can.  Ven.  at  87°  2'  and  a Lyras  at 
87°  42'  of  which  there  are  the  greater  number  of  observations, 
the  former  gives  the  same  result  within  half  a second,  and  the 
latter  if". 

Several  of  the  fixed  Observatories  in  Europe  being  situated 
in  sufficiently  high  latitudes  to  obtain  the  elevation  of  the  pole 
with  much  correctness;  we  are  thence  enabled,  by  the  cir- 
cumpolar stars,  to  find  the  true  quantity  of  refraction,  for  all 
zenith  distances  : and  this  having  been  so  ascertained,  we  may 
apply  the  same  to  the  observed  zenith  distance  of  the  sun,  at 
the  winter  solstice,  as  a test  of  its  accuracy.  With  the  smaller 
quantities  of  refraction,  which  were  used  by  Dr.  Bradley 
and  others,  fifty  years  since,  it  was  not  possible,  that  the 
latitude  deduced  from  the  elevation  of  the  pole,  and  the  mean 
of  the  solstices,  could  agree;  the  distance  of  the  pole  from  the 
equator,  so  computed,  would  be  less  than  c)o°.  Hence  also,  the 
two  solstices  would  shew  an  error  of  double  that  difference  in 
the  obliquity  of  the  ecliptic,  when  obtained  from  the  greatest 
and  least  zenith  distances  of  the  sun.  The  small  number  of 
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observations  I have  been  able  to  make  of  the  sun,  to  ascertain 
the  agreement  of  the  two  solstices,  are  subjoined;  these 
appear  to  confirm  the  refraction,  as  deduced  from  the  circum- 
polar stars. 

In  the  course  of  my  observations  I have  noticed,  that 
applying  the  correction  for  the  thermometer  without,  gives 
the  most  accurate  result.  The  difference  is  very  sensible  in 
great  zenith  distances,  from  the  greater  quantity  of  refraction; 
and  we  may  reasonably  infer,  that  when  the  front  shutter  of 
the  Observatory  is  opened,  the  horizontal  current  of  the  air  is 
of  the  same  temperature  as  without ; although  from  the  short 
time  of  the  shutter  being  opened,  during  the  observation,  it  is 
not  indicated  by  the  thermometer  in  the  telescope.  I have 
therefore  constantly  used  the  thermometer  without,  for  the 
correction,  when  I have  opened  the  front  shutter ; but  on  all 
other  occasions,  I have  applied  the  correction  for  the  thermo- 
meter within.  The  instrument  is  protected  from  the  horizontal 
current  of  air,  when  the  sloping  shutters  in  the  roof  only  are 
opened;  the  front  shutters  being  five  feet  above  the  graduated 
circle. 

Having  formerly  proposed  certain  factors  for  the  thermo- 
metrical  correction  of  the  refraction,  and  now  finding  them 
relatively  the  same  for  the  thermometer  within  and  without, 
changing  the  ratio  for  each  degree  of  Fahrenheit  -roboo  J I 
shall  adopt,  hereafter,  the  following  formula.  Putting  h°  for 
the  degree  of  the  scale ; then  for  the  thermometer  within, 

490—  If  x ,0023  when  below  the  mean;  49^ — n°  x ,0022 
when  above  the  mean : and  for  the  thermometer  without, 

450—  ii°  x 0020  ; will  produce  the  respective  factors.  When 
h°  is  less  than  tiie  mean,  these  will  be  positive ; when  greater 
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than  the  mean,  negative.  These  factors  of  different  values 
will  be  nearly  the  same  for  the  thermometer  within  and 
without,  in  summer;  when  the  temperatures  approximate: 
but  in  winter,  when  the  temperatures  may  differ  6°  or  8°,  the 
factors  will  vary  accordingly.  It  may  therefore  not  be  material, 
when  the  quantity  of  refraction  is  small,  not  exceeding  1-*', 
whether  the  correction  is  applied  for  the  thermometer  within 
or  without;  but  when  the  temperature  within  is  supposed  to 
be  affected  by  the  horizontal  current  from  without,  I should 
recommend,  in  all  such  cases,  the  use  of  the  latter  correction. 

To  make  a direct  comparison  of  these  refractions  with  the 
French  tables,  it  may  be  objected,  that  the  latter  being  com- 
puted for  the  metrical  barometer  0,760  m.,  which  is  equal 
to  29,93  inches  of  our  barometer,  the  mean  refraction  from 
the  proposed  formula  should  be  increased  by  the  factor  + ,0111; 
since  we  reckon  the  mean  state  at  29,60  inches : but,  the  me- 
trical thermometer  at  10  being  equal  to  ours  at  50°;  and 
the  mean  state  being  determined  from  observation,  to  be  450 
of  Fahrenheit;  the  factor  for  50°  will  be  — ,0100;  which 
will  nearly  compensate  the  factor  for  the  barometer.  I have 
therefore  compared  the  mean  refractions  resulting  from  my 
formulae,  with  those  of  the  French  tables,  from  8o°  to  90°: 
excepting  the  two  last,  the  difference  is  not  considerable  ; and 
whether  these  arise  from  defect  in  the  formulae,  or  from  local 
causes,  can  only  be  determined  by  observation. 

On  comparing  the  refractions,  now  proposed,  with  my 
former  deductions,  they  will  not  differ  one  second  at  8i°.  At 
720  the  present  is  ^ of  a second  less  than  the  former ; and  at 
74°  6°'  the  zenith  distance  of  the  winter  solstice,  o/'i8  must 
be  deducted  as  a correction.  It  will  appear  on  inspection  of 
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the  second  table,  that  /3  Persei  at  88°  i'  requires  but  a small 
equation  ( — 2", 41)  when  computed  from  my  former  numbers; 
and  at  88°  both  these  formulae  will  coincide.  I had  therefore, 
in  my  former  paper,  determined  too  hastily,  that  the  formula 
proposed  would  agree  with  observation  so  far  as  88°;  not 
having  then  discovered  the  discrepancies  between  8o°  and  88°, 
which  are  corrected  by  the  present  formula. 

In  order  to  facilitate  the  computation  of  the  true  refraction, 
it  is  required  to  form  a table  of  mean  refractions  from  certain 
formulae.  This  may  appear  difficult  at  the  first  view ; since 

every  refraction  must  become  equal  to,  tang.  % — yr  x x ; and 
unless  r is  assumed  very  nearly,  several  operations  may  be 
necessary  before  the  differences  will  vanish.  However,  pro- 
ceeding in  small  arcs  of  io'  to  70°,  of  5'  to  86°,  of  4'  to  88°, 
of  3'  to  89°,  and  of  2'  thence  to  the  horizon,  the  second  dif- 
ferences of  the  variation  of  these  arcs  may  always  be  taken 
by  inspection  : and  the  resulting  refraction  will  be  equal  to  that 
assumed,  in  one  operation.  The  correction  for  the  barometer 
and  thermometer  will  be  the  sum  of  the  two  factors  in  the 
annexed  tables,  into  the  mean  refraction : and  the  product 
added  thereto,  according  to  the  algebraic  sign  of  their  sum, 
will  give  the  true  refraction.  This  method  is  more  expeditious, 
than  by  logarithms ; no  other  tables  of  reference  being  re- 
quired : and  the  computation  will  be  effected  with  a small 
number  of  figures ; which  is  an  object  I have  constantly  had 
in  view'. 

S.  GROOMBRIDGE. 
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Reduction  of  the  Solstices. 
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Mr.  Groombridge's  further  Observations 


Mean  Refraction. 


Zen. 

dis. 

French 

tables. 

S.  G. 

Value  of  y. 

« 

t n 

! II 

8o 

5 '9-8 

5 19.18 

3-63429 

Si 

5 53-5 

5 52-83 

— 

82 

6 34-4 

6 33  79 

— 

83 

7 24.7 

7 24-63 

84 

8 29  9 

8 29.13 

— 

85 

S 54-3 

9 53-°3 

■■  — - 

86 

ii  48.3 

11  4527 

87 

14  28.1 

14  19.80 

3-63429 

88 

18  22.2 

18  19.83 

3-35709 

89 

24  21.2 

24  32.94 

3.07989 

90 

33  4^  3 

34  28-13 

2.80269 

The  two  formulae  compared. 


Zen. 

dis. 

3 362Sr 
X 

58".  1 192 

3.63429/- 

X 

58".  1 3 2967 

O 

/ n 

70 

2 38.41 

2 38-34 

71 

2 47-31 

2 47.23 

72 

2 57-13 

2 57-03 

73 

3 8.04 

3 7-92 

74 

3 20.22 

3 20.07 

75 

3 33  92 

3 33-73 

76 

3 49  44 

3 49-21 

77 

4 7-19 

4 6.89 

78 

4 27.68 

4 27.30 

79 

4 5i  59 

4 5'-°9 

80 

5 !9  85 

5 1918 

81 

5 53-74 

5 52-83 

82 

6 35-°6 

6 33  79 

83 

7 26  46 

7 24.63 

84 

8 31.85 

8 29.13 

85 

9 57-27 

9 53  °3 

86 

11  52.21 

11  45.27 

87 

H 3i-75 

14  19.80 

88 

18  19  19 

18  19  S3 

Mean  Refraction  calculated  at  58",  132967  for  45  Degrees  of  apparent  Zenith  Distance  x Tang.  Z — 


1 Zen. 
Dis. 

Refrac. 

I 0 / 

/ a 

9 ° 

O 9 20 

10 

0 9-37 

20 

0 9.54 

3° 

0 9.72 

4° 

0 9.S9 

5° 

O 10.00 

lO  O 

O 

O 

IO 

0 10.41  ; 

20 

0 10.591 

30 

0 10.76! 

40 

0 10.94! 

1 50 

0 11.11 

..  0 

0 11.29 

IO 

0 n.46 

20 

0 u.64 

30 

0 11.81 

40 

0 n.99 

5° 

0 12.17 

12  O 

0 12.34 

II  IO 

0 12.52; 

20 

0 12.70 

i 30 

0 12.87 

4° 

0 13.05 

! 5° 

0 13.22 

13  0 

0 13.40 

,o 

0 13.5s 

20 

0 13  76 

30 

0 13.9+ 

4c 

0 14.12 

! 5° 

0 14.30 

I >4  6 

0 1448 

,0 

0 14.66 

20 

0 14.84 

3° 

0 15.02 

40 

0 15.20 

5° 

0 15.38 

15  O 

0 15.56 

10 

0 >5-74 

20 

0 15.92 

30 

O l6.IO 

40 

O 16.28 

50 

0 16.47 

16  0 

O 16.65 

10 

O I6.83 

20 

O I7.OI 

3° 

0 17.20 

40 

0 17.3.8 

So 

0 17.57 

17  0 

0 I7-75 

IO 

0 17.94 

20 

O li.  12 

30 

0 18.31 

40 

0 18  49 

5° 

O 18.68 

Zen. 

Dis. 

Refrac. 

0 1 

1 u 

27  0 

0 20-^8 

10 

0 29.80 

20 

0 30.00 

30 

0 30.22 

40 

0 3°-44 

5° 

0 30.65 

28  O 

0 30.87 

IO 

0 31.09 

20 

0 31.30 

30 

0 31.52 

40 

0 3 * -74 

5° 

0 31.96 

29  0 

0 32.18 

10 

0 32.40 

20 

0 32.62 

3° 

0 32.85 

40 

° 33-07 

5° 

0 33-29 

OJ 

0 

0 

0 33.52 

10 

0 33-74 

20 

0 33-97 

30 

o 34.20 

40 

0 34.42 

5° 

0 34.65 

31  0 

0 34.88 

IO 

0 35.11 

20 

° 35-34 

3° 

0 35-57 

40 

0 35.81 

5° 

0 36.04 

32  O 

0 36.27 

IO 

0 36.51 

20 

0 36.74 

3° 

0 36.98 

4° 

0 37.22 

5° 

0 37.46 

33  0 

0 37.70 

IO 

0 37.94 

20 

0 38.18 

30 

0 38.42 

4° 

0 38.66 

5° 

0 38.91 

34  0 

0 39.15 

IO 

O 39.4O 

20 

0 39.64 

3° 

0 39.89 

40 

O 4O.I4 

5° 

0 40.39 

35  0 

O 4O.64 

IO 

O 4O.89 

20 

0 41.15 

30 

O 4I.4O 

40 

O 4I.06 

s» 

O 4I.9I 

Zen. 

Dis. 

Refrac. 

e / 

1 n 

56  0 

O 42.  17 

10 

0 42.43 

zo 

O 42.69 

30 

0 42-95 

40 

0 43.21 

5° 

0 43-47 

37  ° 

0 43-74 

10 

O 44.OO 

20 

0 44.27 

3° 

° 44-53 

40 

O 44.8O 

50 

0 45-°7 

38  0 

° 45-34 

to 

O 45.62 

20 

0 45.89 

30 

O 46.IO 

40 

O 46.44 

50 

O 46.72 

39  0 

O 47-00 

IO 

O 47.28 

20 

0 47-56 

30 

0 47.S4 

40 

O 48.12 

50 

O 48.4I 

4-  , 
O 

O 1 

O 48.69 

10 

O 48.98 

20 

0 49.27 

30 

0 49.56 

40 

0 49.85 

50 

0 50.15 

41  0 

0 50.44 

IO 

0 50.74 

20 

0 51.04 

3° 

0 51.34 

40 

0 51.64 

5° 

0 51.94 

42  0 

0 52.25 

10 

° 52-S5 

20 

O 52.86 

30 

0 53.17 

40 

0 53.48 

5° 

0 53  79 

+3  0 

O 54.Il 

10 

0 54.42 

20 

O 54.74 

30 

0 55.06 

40 

0 55.38 

50 

0 55.70 

44  0 

0 56.03 

10 

0 56.35 

20 

O 56.68 

30 

0 57.01 

40 

0 57-34 

50 

0 57.68 

Zen. 

Dis. 

Refrac. 

0 I 

45  0 

0 58.01 

lO 

0 5S.35 

20 

0 58.69 

30 

0 59.03 

40 

0 59.38 

5° 

0 59-72 

46  O 

I 0.07 

10 

I O.42 

20 

1 0.77 

30 

1 1.13 

40 

I I.48 

So 

I I.84 

47  0 

I 2.20 

10 

1 2.57 

20 

1 2.93 

30 

1 3.30 

40 

1 3.67 

5° 

1 4.04 

48  0 

1 4.4I 

10 

■ 4-79 

20 

I 5.I7 

30 

' 5-55 

4° 

1 5-94 

5° 

1 6-33 

49  0 

1 6.72 

10 

I 7.1  1 

20 

1 7.50 

30 

1 7.9O 

40 

I 8.3O 

5° 

I 8.7O 

50  0 

1 9.11 

10 

1 9.52 

20 

1 9-93 

zo 

1 10.34 

40 

1 IO.76 

50 

1 11.18 

51  0 

1 11.60 

IO 

I 12.03 

20 

1 I2.46 

3° 

I 12.89 

40 

1 '3-33 

50 

1 1 3-77 

S2  0 

1 14.21 

IO 

1 14.65 

20 

I I5.IO 

3° 

1 '5-55 

40 

1 16.01 

5° 

1 16.47 

S3  0 

1 16.93 

10 

1 17.39 

20 

1 17.86 

30 

1 18.33 

40 

1 18.81 

50 

1 19.29 

Zen. 

Dis 

Refrac. 

54  ° 

1 19.78 

io 

1 20.27 

20 

1 20.76 

30 

1 21.25 

40 

1 21.75 

5° 

1 22.26 

55  0 

1 22.77 

10 

1 23.28 

20 

1 23.79 

3o 

1 24.31 

40 

1 24.84 

5o 

> 25-37 

56  0 

I 25.91 

lo 

1 26.45 

20 

I 26.99 

3° 

■ 27-54 

40 

I 28.09 

50 

I 28.65 

S7  0 

I 29.21 

Io 

1 29.78 

20 

1 30.35 

30 

' 30-93 

40 

1 31-SI 

5° 

I 32.10 

58  O 

I 32.69 

10 

1 3 3- 29 

20 

i 33.90 

30 

1 34.51 

40 

1 35-13 

50 

1 35-75 

59  0 

1 36.38 

IO 

1 3/-°i 

20 

1 37.65 

30 

1 38.30 

40 

1 38.95 

JO 

1 39.61 

1 0 
1 0 

1 'O 

I 4O.28 

IO 

1 40.95 

20 

1 41.63 

30 

I 42.32 

40 

' 43-o: 

5° 

1 43-71 

6l  O 

1 44.42 

IO 

■ 45.14 

20 

■ 45.86 

30 

1 46.59 

40 

1 47-33 

5° 

1 48.O8 

62  O 

1 48.83 

10 

1 49-59 

20 

1 50.36 

30 

1 51.14 

40 

1 51.93 

5° 

' 52-73 

- 3-634a956 

Zen. 

Dis. 

Refrac. 

0 / 

63  0 

1 53-53 

10 

1 54-35 

20 

1 55-'7 

3° 

1 56.OO 

40 

1 56.85 

5° 

I 57.7O 

1 0 
1 -o' 

1 58.56 

10 

■ 59  43 

20 

2 O.32 

3° 

2 1.21 

40 

2 2.  I 2 

50 

2 3.O3 

65  0 

2 3.96 

lo 

2 4-9° 

20 

2 5.85 

30 

2 6.8l 

40 

2 7.-8 

5° 

2 8,77 

66  0 

2 9.77 

10 

2 IO.78 

20 

2 1 1.8  1 

3o 

2 12.85 

40 

2 I3.9O 

So 

2 14.97 

67  0 

2 16.05 

10 

2 17.14 

20 

2 18.25 

30 

2 I9.38 

40 

2 20.52 

50 

2 21.68 

08  0 

2 22-85 

10 

2 24.O4 

20 

2 z5-25 

30 

2 26.47 

40 

2 27.71 

5° 

2 28.97 

69  O 

2 3°-z5 

10 

2 3“55 

20 

2 32.87 

30 

2 34-21 

40 

2 35-56 

s° 

2 36.94 

■^J 

O 

O 

2 38-34 

5 

2 39-°5 

IO 

z 39.70 

15 

2 4O.48 

20 

2 41.21 

25 

2 41.94 

30 

2 42.68 

35 

2 43- 42 

40 

2 44-17 

45 

2 44.93 

5° 

2 45.69 

55 

2 46.46 

1 far  as  87°  Zen.  Dis.  below  which  r is  reduced,  00462  for  each  minute. 


Zen 

Dis. 

Refrac. 

© / 

/ n 

7 1 0 

2 47-23 

5 

2 48.OI 

10 

2 48.80 

‘5 

2 49.59 

20 

2 50.39 

25 

2 51.20 

30 

2 52.OI 

. 35 

2 52.83 

40 

2 53-65 

45 

2 54-49 

5° 

2 55-33 

55 

2 56.I8 

72  O 

2 57-03 

5 

2 57.89 

10 

2 58.76 

*5 

2 59.64 

20 

3 0-53 

25 

3 “43 

3° 

3 2-33 

35 

3 3-z4 

40 

3 4.16 

45 

3 5-°9 

50 

3 6.02 

55 

3 6.97 

73  0 

3 7.92 

5 

3 8.88 

10 

3 9.85 

■5 

3 10.83 

20 

3 u.82 

25 

3 12.82 

30 

3 13-82 

35 

3 14-84 

40 

3 15.86 

45 

3 16.90 

5° 

3 17-95 

55 

3 19-01 

74  ° 

3 20.07 

5 

3 2“i5 

10 

3 22-23 

•5 

3 23-33 

zo 

3 2 4- 44 

25 

3 25.56 

30 

3 26.69 

35 

3 27-84 

40 

3 28.99 

45 

3 30-16 

5° 

3 3 ‘-34 

55 

3 32-55 

75  0 

3 33-73 

5 

3 34-95 

IO 

3 36.18 

*5 

3 37-42 

20 

3 38-67 

25 

3 39-94 

Zen. 

Dis. 

Refrac. 

0 / 

• n 

75  3° 

3 41.22 

35 

3 42-52 

40 

3 43-83 

45 

.3  45-15 

50 

3 46.49 

55 

3 47-84 

76  0 

3 49- 2 * 

5 

3 50.59 

10 

3 5 “99 

■5 

3 53-41 

20 

3 54.84 

25 

3 56. 29 

30 

3 57-75 

35 

3 59-23 

V 

4 0.73 

45 

4 2-25 

5° 

4 3-78 

55 

4 5-33 

77  0 

4 6.89 

5 

4 8.48 

10 

4 10.09 

■5 

4 1 “72 

20 

4 13.37 

25 

4 15.05 

30 

4 i6-72 

35 

4 18-43 

40 

4 20.16 

45 

4 2 “9' 

5° 

4 23.68 

55 

4 25-48 

'-l 

OO 

O 

4 27-3° 

5 

4 29.14 

10 

4 31.01 

15 

4 32.90 

20 

4 34.81 

25 

4 36-75 

3° 

4 3s-72 

35 

4 4°*7 1 

40 

4 42-73 

45 

4 44-78 

50 

4 46-85 

55 

4 48.96 

79  0 

4 51.09 

5 

4 S 3* 2 5 

10 

4 55-44 

■5 

4 57-67 

20 

4 59-9 2 

25 

5 2.2 1 

3° 

5 4-53 

35 

5 6.88 

40 

5 9-27 

45 

5 '“69 

5° 

5 14-15 

55 

5 16.65 

Zen. 

Dis. 

Refrac. 

0 

0 

0 

00 

5 19.18 

5 

5 2i-75 

10 

5 24-36 

15 

5 27.01 

20 

5 29.71 

25 

5 3M4 

3° 

5 3S  zi 

35 

5 38.03 

40 

5 40.9° 

45 

5 43.81 

5° 

5 46.77 

55 

5 49-78 

8l  O 

5 52-83 

5 

5 55-93 

IO 

5 59-09 

15 

6 2.30 

20 

6 5.56 

25 

6 8.88 

3° 

6 12.26 

35 

6 iq.6g 

40 

6 19.19 

45 

6 22.74 

5° 

6 26.36 

55 

6 30.04 

82  0 

6 33-79 

5 

6 37.61 

IO 

6 41.50 

'5 

6 45.46 

20 

6 49.49 

25 

6 53-59 

30 

6 57.78 

35 

7 2-°4 

40 

7 6.39 

45 

7 10.82 

5° 

7 15-33 

55 

7 '9-93 

O 

CO 

7 24.63 

5 

7 29-42 

IO 

7 34-30 

15 

7 39-29 

20 

7 44.38 

25 

7 49-57 

3° 

7 54-87 

35 

8 0.28 

40 

8 5.80 

45 

8 11.45 

5° 

8 17.21 

55 

8 23.10 

84  0 

8 29.13 

5 

8 35.28 

10 

8 41.57 

>5 

8 48.00 

20 

8 54-57 

25 

9 1.30 

Zen. 

Dis. 

Refrac. 

0 / 

84  3° 

9 8.18 

35 

9 15.23 

4c 

9 22.43 

45 

9 29.81 

5° 

9 37-37 

55 

9 45-1° 

85  O 

9 53-°3 

5 

10  1.15 

10 

10  9.46 

15 

10  17.99 

20 

10  26.73 

25 

10  35.69 

30 

10  44.88 

35 

10  54.31 

40 

1 1 3-98 

45 

11  13.90 

5° 

II  24.09 

55 

11  34.54 

86  0 

II  45.27 

4 

11  54-°7 

8 

12  3.06 

12 

12  12.24 

16 

12  21.63 

20 

12  31.22 

24 

12  4I.O2 

28 

iz  5“°4 

32 

13  I.2ft 

36 

‘3  11-75 

40 

13  22.46 

44 

■3  33-42 

48 

13  44.62 

S2 

13  56.08 

56 

14  7.81 

87  0 

I4  I9.8O 

4 

‘4  32-9' 

8 

H 46-37 

12 

15  0.20 

16 

‘5  14-4° 

20 

15  29.OO 

24 

15  44.00 

28 
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XVIII.  Propositions  containing  some  Properties  of  Tangents  to 
Circles;  and  of  Trapeziums  inscribed  in  Circles , and  non - 
inscribed.  Together  with  Propositions  on  the  Elliptic  Represen- 
tations of  Circles,  upon  a plane  surface , by  Perspective. 
By  Richard  Hey,  LL.  D.;  late  Fellow  of  Sidney  Sussex  and 
Magdalen  Colleges , in  the  University  of  Cambridge . Commu- 
nicated by  the  Rev.  Edward  Balme,  M.  A.  F.  R.  S. 

Read  March  31,  1814. 

Th  e propositions  of  the  first  series,  and  which  are  termed 
Introductory,  had  their  origin  from  my  attention  being  directed 
to  the  perspective  representation  of  a Circle.  But  they  are 
kept  separate  from  the  perspective  propositions.  Comprising 
some  things  believed  to  be  new,  and  forming  a short  system 
in  themselves,  they  may,  on  these  accounts,  be  acceptable  to 
other  Readers  besides  those  who  study  perspective. 

A desideratum,  in  the  science  of  perspective,  had  been 
suggested  to  me  by  the  Reverend  Mr.  Kerrich,  Principal 
Librarian  to  the  University  of  Cambridge ; namely,  of  some 
law  or  lazvs  which  the  axes,  of  ellipses  representing  circles, 
might  be  found  to  observe  in  their  directions.  An  attempt, 
grounded  on  this  suggestion,  is  contained  in  the  four  Propo- 
sitions concluding  the  second  or  Perspective  series.  If  these 
be  correct,  it  is  hoped  that  a foundation  is  laid,  for  further 
improvement  by  persons  younger  than  myself  and  differently 
circumstanced.  And  some  mechanical  instrument  * may 

* The  invention  of  an  Instrument  for  the  ready  delineation  of  Ellipses,  by  Mr. 
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possibly  be  brought  to  co-operate  with  the  theory  here  given 
or  begun,  so  as  that,  in  conjunction,  they  may  afford  consider- 
able advantage  to  the  practice  of  perspective  ; especially  where 
a number  of  circles  together  are  to  be  represented. 

The  same  four  propositions  are  built  upon  the  sixth  on 
perspective:  of  which  the  construction  (as  given  in  fig.  5.) 
may  be  seen  in  Hamilton's*  Stereography.  That  it  was  not 
taken  from  his  work,  but  separately  discovered,  has  no  claim 
to  the  attention  of  the  reader,  except  in  this  respect ; that,  in 
the  solutions  of  any  problem,  the  more  persons  there  are  who 
give  independently  the  same  solution,  the  more  likely  it  is 
(cseteris  paribus)  to  be  better  than  any  solution  not  yet  dis- 
covered. The  demonstration  also  has  been  varied;  both  of 
this  sixth  proposition,  and  of  some  other  things  which,  though 
not  new  in  substance,  it  has  been  judged  expedient  to  insert. 

For  the  seventh  of  the  propositions  on  perspective,  I am 
also  indebted  to  Mr.  Kerrich  : though,  for  the  proof  here 
given  of  it,  I am  responsible. 

The  foregoing  account  appears  to  be  all  the  previous  infor- 
mation necessary  to  trouble  a reader  with,  who  may  be  going 
to  examine  the  propositions  in  his  closet.  But,  as  mathematical 
demonstrations,  accompanied  with  diagrams,  cannot  be  ac- 
commodated to  a public  reading,  some  further  particulars  are 
therefore  here  subjoined  : which,  if  the  Paper  should  have  the 
honour  of  being  received  by  the  Royal  Society,  may  give  a 
better  insight  into  its  nature  and  intent. 

The  whole  had  its  origin  in  the  study  of  that  part,  of  the 

John  Farey  junior,  obtained  the  gold  medal,  in  May  1813,  from  the  Society  for  the 
Encouragement  of  Arts.  For  its  merits  I refer  to  that  Society. 

* B.  III.  Sect.  II.  Prob.  1. 
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science  of  perspective,  which  relates  to  the  representation  of  a 
circle . And  the  principal  result  (so  far  as  immediately 

respects  that  science)  is  contained  in  the  four  propositions 
which  conclude  the  paper,  together  with  the  lemma  which 
precedes  them.  This  is  called  a lemma  rather  than  a propo- 
sition, because  it  does  not  necessarily  involve  the  consideration 
of  a circle. 

That  the  perspective  representation  of  an  entire  circle  is 
an  ellipse  or  circle,  is  simply  a part  of  the  doctrine  of  conic 
sections.  To  that  doctrine  therefore  it  is  referred,  in  the  first 
of  the  perspective  propositions.  An  entire  circle,  supposed 
to  be  viewed  by  the  eye  through  the  plane  of  the  picture, 
excludes  (by  the  hypothesis)  the  two  cases  in  which  the 
circle  touches  and  cuts  the  plane,  passing  through  the  eye, 
parallel  to  the  picture.^  In  which  two  cases,  the  representation 
is  a parabola  and  hyperbola  respectively.  Not  having  any 
thing  new  to  offer  upon  these  representations,  or  not  any 
thing  appearing  likely  to  improve  the  practice  of  perspective, 

I have  omitted  the  two  cases  entirely  ; and  confined  myself  to 
the  elliptic  representations,  the  circular  included. 

The  principal  inquiry  has  been,  whether,  in  any  instances 
of  a number  of  circles,  lying  in  one  plane  and  having  their 
centres  in  one  right  line,  any  law  or  laws  could  be  discovered 
to  be  observed  by  the  major  or  minor  axes  of  the  represent- 
ing ellipses,  in  their  directions  or  positions.  If  it  could  have 
been  proved  that  the  axes  converged  to  a knowm  or  easily 
discoverable  point,  this  would  have  been  a great  acquisition  to 
the  science  of  perspective,  and  have  given  a direct  facility  to 
the  practice.  But,  if  indeed  they  do  not  so  converge,  it  is 
natural  to  wish  that  this  should  be  demonstrated.  Such  a 
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demonstration  puts  an  end  to  further  inquiry  about  the  point 
to  which  they  might  be  imagined  to  converge,  and  wholly 
about  such  convergency  in  them ; and  leaves  us  free  to 
inquire  after  any  other  law  or  regularity  which  the  axes  may 
observe. 

Now  the  object  of  the  lemma  (with  its  first  corollary), 
prefixed  to  the  eighth  of  the  propositions  on  perspective,  is  to 
prove  that  lines,  in  a picture,  cannot  converge  to  a point ; 
unless  the  original  lines  which  they  represent  happen  so  to 
converge  or  else  to  be  parallel.  The  inference  is,  that  the 
axes  of  the  ellipses  cannot  so  converge,  unless  the  chords 
which  they  represent  should  so  converge  or  be  parallel : a 
case  which  may  rarely  happen,  and,  if  happening,  may  not  be 
readily  discernible. 

The  convergency  to  a point,  by  the  axes,  being  therefore 
dismissed,  the  four  remaining  propositions,  after  the  lemma, 
exhibit  nevertheless  a regularity  in  the  directions  of  the  axes. 
Though  these  do  not  converge  to  a point,  they  are  (if  the  rea- 
soning be  just)  parallel  respectively  to  other  lines  which  do 
converge  to  a point.  To  find  each  of  these  other  lines  separately 
and  accurately,  is  not  the  object  proposed.  But  certain  limits 
are  pointed  out,  within  which  the  artist  is  to  keep;  and  a 
regularity  marked,  by  which  the  variation  in  the  directions  of 
successive  axes  is  to  be  guided:  which,  it  is  hoped,  will  pro- 
duce a sufficient  accuracy  in  a great  number  of  instances. 
And,  where  any  one  or  more  circles  require  singly  a strict 
accuracy,  to  this  the  construction  of  the  sixth  proposition  is 
adapted. 

How  much,  or  whether  any  part,  of  the  first  seven  propo- 
sitions on  perspective,  might  have  been  omitted,  without  injury 
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to  that  series  of  propositions,  I do  not  take  upon  me  to  decide. 
Certainly  much  of  the  matter,  contained  in  the  seven,  is  not 
new.  But,  so  far  as  it  is  necessary  to  the  principal  design,  its 
admission  will  be  justified.  And  also  new  proof,  of  what  is 
already  known,  is  sometimes  acceptable  to  the  mathematician, 
and  may  be  admitted  as  an  advancement  of  science.  On  which 
ground  the  proof  here  given  of  the  sixth  proposition,  and  some 
other  proofs,  await  the  decision  of  the  reader. 

An  indirect  result  of  the  research,  is  merely  geometrical 
and  may  be  taken  separately  from  perspective.  This  consists 
of  the  introductory  propositions.  On  the  one  hand,  it  appeared 
necessary,  or  desirable,  that  these  should  accompany  the  per- 
spective propositions ; because  of  various  references,  in  the 
latter,  to  the  former.  On  the  other  hand,  it  seemed  also 
desirable  that  the  introductory  propositions  should  be  so  far 
kept  separate,  as  to  enable  any  reader  to  peruse  them,  who 
would  have  declined  all  examination  of  their  contents  if 
interwoven  with  perspective. 

The  properties  of  the  circle,  not  improbably,  lie  open  to 
abundant  successful  investigation.  It  is  hoped  that  the  intro- 
ductory propositions,  of  this  paper,  may  have  contributed  a 
little  to  the  stock  of  knowledge  respecting  that  remarkable 
geometrical  figure. 

To  avoid  crowding  the  plates  with  figures,  I have,  in  a few 
instances,  left  it  to  the  reader  to  construct  his  own  figures  for 
illustration,  if  they  appear  to  be  wanted.  For  instance,  in  cor.  6 
to  introd.  prop.  X,  and  cor.  1 to  introd.  prop.  XII. 
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INTRODUCTORY  PROPOSITIONS. 

Some  Properties  of  Tangents  to  Circles;  and  of  Trapeziums, 
inscribed  in  Circles , and  non-inscribed. 

Definitions,  for  the  Introductory  Propositions. 

Def.  1.  The  tangent-chord,  of  a given  point  without  a circle, 
is  the  chord  from  whose  extremities  tangents  meet  in  the 
given  point. 

Def.  2.  A vertex  to  a base  is  any  point,  within  a circle, 
through  which  are  drawn  chords : and  the  right  line  joining 
the  points  to  which  those  are  the  tangent-chords,  is  the  base 
to  that  vertex. 

Def.  3.  The  mean  point  is  a point  in  the  diameter  perpen- 
dicular to  such  base : and  its  distance  from  the  base  is  a mean 
proportional  between  the  distances  of  the  extremities  of  that 
diameter,  from  the  base. 

Thus  (Fig.  1):  If  the  chords  PQ,  GH,  pass  through  V 
within  a circle,  and  if  PD,  QD,  GL,  HL,  be  tangents,  and 
LD  be  drawn ; PQ  is  (def.  1 ) the  tangent-chord  of  D,  GH 
that  of  L ; and  (def.  2)  Y is  the  vertex  to  the  base  LD.  If  a 
diameter  FB  produced  cut  LD  perpendicularly  in  D,  and  if,  in 
DF,  be  taken  DM  equal  to  DP,  therefore*  a mean  proportional 
between  DF  and  DB,  M is  (def.  3)  the  mean  point. f 

Prop.  I.  Fig.  1,  2.  In  a given  circle,  one  vertex  has  only 


* Iir.  Eucl.  prop.  36,  and  VI.  14.  Simson’s  edition,  1762,  is  referred  to 
throughout. 

f Other  Definitions  after  Prop.  VII. 
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one  base;  a right  line  indefinite  in  length:  and  one  base  has 
one  vertex. 

Thus  : if  GH  and  any  other  chords  pass  through  the  vertex 
V ; the  tangents  from  their  extremities  meet  respectively  in 
points  of  one  indefinite  line  LD  : and,  conversely,  if  tangents 
be  drawn  from  L and  other  points  of  LD ; all  their  tangent- 
chords  pass  through  one  point  V. 

Demonstration.  Fig.  2.  Let  E be  the  centre,  and  PO  the 
chord  bisected  in  V.  Draw  the  tangents  GL,  HL,  PD,  QD; 
and  draw  DE,  DL,  LE,  EP,  EG.  EH.  On  the  diameters  DE, 
LE,  describe  circles.  That  on  DE  passes  through  P and  O, 
because  of  the  right  angles  DPE,  DOE  ; and  that  on  LE 
through  G and  H.  And  DE  passes  through  V,  because  of  the 
similar  and  equal  right-angled  triangles  DEP,  DEQ,  By  the 
circle  on  DE,  the  rectangle  DVE  is  equal  to  PVQ  ; which,  by 
the  given  circle  GPO,  is  equal  to  GVH  ; whence  GEHD  is*  a 
circle,  and  is  that  on  LE,  and  LDE  is-f-  a right  angle.  In  like 
manner,  if  any  other  chord  ST  pass  through  V,  and  if  tangents 
from  S and  T would  meet  in  R,  RDE  would  be  proved  a right 
angle.  Therefore  LDR  is  one  right  line.  And  conversely 
(fig.  1),  if  L be  any  point  in  a base  to  V;  its  tangent-chord 
GH  passes  through  V.  If  not,  let  another  chord  G 1 so  pass. 
Then  (as  proved)  the  tangent  from  h meets  GL  in  that  base, 
therefore  in  L ; that  is,  in  the  same  point  as  the  tangent  from 
H.  Which  is  impossible.  Therefore  GH  passes  through  V. 
Q E.D. 

Cor.  1.  Fig.  1.  The  indefinite  base  to  a given  vertex  V, 
is  a line  parallel  to  the  chord  bisected  in  V,  and  passing 
through  any  point,  L or  D,  in  whose  tangent-chord  V is. 

* By  a necessary  converse  of  III  Eucl.  prop.  35.  -j-  lit  EucJ.  prop.  31. 
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And  the  vertex  to  a given  base  LR,  if  E be  the  centre  and 
ED  a perpendicular  on  LR,  is  the  intersection  of  ED  with  the 
tangent-chord  of  any  point  D or  L of  the  base. 

Cor.  2,  Fig.  1.  The  mean  point  M,  to  a given  base,  is  in  the 
same  diameter  with  V:  and  DM,  as  equal  to  DP,  is  a mean 
proportional  between  DE  and  DV.  For,  if  EP  be  drawn,  the 
triangles  EDP,  PDV,  are  similar. 

Cor.  3.  Fig.  2.  If  a chord  GH  bisect  PQ  the  tangent-chord 
of  any  point  D ; DE  bisects  the  angle  GDH.  For,  draw  DG, 
DH,  EG.  The  right  lines  EG,  EH,  are  equal;  and  the  arcs 
EG,  EH;  whence  the  angle  GDE  is  * equal  to  EDH.  And, 
conversely,  if  DE  bisect  GDH,  GH  bisects  PO  the  tangent- 
chord  of  D.  For,  if  any  other  chord  through  G should  bisect 
PQ.  the  same  angle  GDE  would  be  equal  to  one  greater  or 
less  than  EDH  : which  is  impossible. 

Cor.  4.  Fig.  2.  V is  the  vertex  to  the  base  LR  in  every  circle 
whose  centre,  as  E,  is  in  DV  produced  beyond  V,  and  whose 
radius,  as  EP  or  EO,  is  found  by  the  intersection  P or  Q of  a 
circle  on  the  diameter  ED  with  the  parallel  PQ.  For  DPE 
and  DQE  are*f  right  angles  ; whence  DP  and  DQ  are  J 
tangents. 

Prop.  II.  Fig.  3.  The  distance  of  an  assumed  point,  in  a given 
base,  from  the  mean  point  within  the  circle,  is  equal  to  a tangent 
from  the  assumed  point.§ 

Thus:  if  L be  assumed  in  the  base  LD,  and  if  M be  the 
mean  point  within  the  circle  GBQ,  and  LG  a tangent;  LM  is 
equal  to  LG. 

* III  Eucl.  prop.  27.  f III.  Eucl.  prop.  31.  J III.  Eucl.  prop.  16.  Cor. 

$ This  is  a lemma  in  Hamilton’s  Stereography,  with  a different  proof.  B.  III. 
Sect.  I.  L.  18. 
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Dem.  From  the  centre  E draw  ED  perpendicular  to  LD; 
and  draw  the  tangent  DO ; also  EQ,  EG,  LE.  The  squares 
of  LM  and  radius  are  equal  to  those  of  LD  and  DM  (or  DQ) 
and  radius  ; therefore  to  those  of  LD  and  DE,  so  to  that  of  LE 
or  those  of  LG  and  radius ; whence  the  square  of  LM  is  equal 
to  that  of  LG,  and  LM  to  LG.  Q.  E.  D. 

Prop.  III.  Fig.  4.  If  the  tangent-chord  of  any  point  will, 
produced,  pass  through  any  other  given  point ; that  of  the 
second  will  pass  through  the  first ; and  the  squares  of  the  two 
tangents,  one  from  each  point,  are  together  equal  to  that  of 
the  intercepted  right  line  ; and,  such  line  being  taken  as  a base, 
and  the  mean  point  to  it  being  found,  lines  to  this  from  the  two 
points  contain  a right  angle. 

Thus : if  ST,  the  tangent-chord  of  R,  will  pass  through  L ; 
GH,  that  of  L,  will  pass  through  R;  and  the  squares  of  the 
tangents  LG  and  RS  are  together  equal  to  that  of  LR ; and, 
LR  being  a base,  LMR  at  the  mean  point  is  a right  angle. 

Dem.  Draw  LH  ; and  let  it  be  between  LR  and  LG.  Draw 
from  the  centre  E,  to  LR,  a perpendicular  ED  ; also  GD,  GR. 
Describe  the  circles  LGEH,  RSET  *.  These  will  pass  through 
D,  because  of  the  right  angles  LDE,  RDE ; whence  the 
rectangle  RLD  is  equal  to  SLT,  so  to  the  square  of  LG,  and 
LD  is  to  LG  as  LG  to  LR.  Therefore  the  angle  LGR  is-f 
equal  to  LDG,  to  LHG,  to  LGH  ; and  GH  produced  will  pass 
through  R. 

And,  because  of  the  circle  GHD,  the  rectangle  LRD  is 
equal  to  GRH,  so  to  the  square  of  RS  ; whence  this  square  and 
that  of  LG  (proved  equal  to  RLD)  are+  together  equal  to  that 
of  LR. 

* As  LGEH  in  Prop.  I.  t VI.  Eucl.  prop.  6.  j II.  Eucl.  prop.  2. 
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And  LM  is  * equal  to  LG,  and  RM  to  RS;  whence  the 
squares  of  LM  and  RM  are  together  equal  to  that  of  LR. 
Therefore  f LMR  is  a right  angle.  Q.  E.  D. 

Cor.  1.  If  V be  the  vertex  to  LR,  and  right  lines  from  L 
and  R to  E,  also  to  V,  be  drawn  or  conceived;  the  angle  LER 
is  acute,  LVR  obtuse.  J 

Cor.  2.  If  the  tangent-chord  of  a point  L will  pass  through 
a point  R,  and  if  D in  LR  make  RLD  equal  to  the  square  of 
LG ; ED  is  perpendicular  to  LR.  For,  draw  EH.  Then  RL 
is  to  LG  as  LG  to  LD ; whence  the  angle  LDG  is  § equal  to 
LGR  or  LGH,  so  to  LHG,  and  LGEHD  is  one  circle.  But 
LEIE  is  a right  angle  ; therefore  also  LDE. 

Prop.  IV.  Fig.  4.  If  two  points  be  such,  that,  the  intercepted 
right  line  being  a base  and  the  mean  point  to  it  being  found, 
lines  from  this  to  the  given  points  contain  a right  angle,  or 
that  the  squares  of  the  tangents  from  the  two  points  are  to- 
gether equal  to  that  of  the  intercepted  line;  the  tangent-chord 
of  each  of  the  two  points  will  pass  through  the-other. 

Thus : if,  LR  being  a base,  LMR  at  the  mean  point  be  a 
right  angle,  or  the  squares  of  LG  and  RS  be  together  equal  to 
that  of  LR  ; the  tangent-chord  of  L will  pass  through  R,  and 
that  of  R through  L. 

Dem . On  the  first  supposition,  the  tangent- chord  of  R will 
pass  through  L : else  it  would  cut  the  indefinite  base  in  some 
other  point,  from  which  a right  line  to  M would  be  ||  perpen- 
dicular to  MR ; which  is  impossible.  Therefore  also  the 
tangent-chord  of  L will  p^ss  through  R. 

On  the  second  supposition,  LMR  will  be**  a right  angle: 

* Prop.  II.  t I Eucl.  prop.  48.  J I Eucl.  prop.  21. 

§ VI  Eucl.  prop.  6.  ||  Prop.  III.  lb.  **  Lem , of  Prop.  III. 

mdcccxiv.  3 A 
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whence  (by  the  present  proposition)  the  tangent-chord  of  each 
of  the  two  points  will  pass  through  the  other.  Q.  E.  D. 

Cor.  If  either  LMR  be  a right  angle,  or  the  squares  of  LG 
and  RS  be  together  equal  to  that  of  LR ; the  other  of  these 
two  follows  from  it.* 

0 

Prop.  V.  Fig.  5.  If  a diameter  be  cut  by  a perpendicular 
from  any  point  of  the  circumference,  and,  produced,  be  cut  by 
a tangent  from  the  same  point,  and  if  an  angle  be  made  at  any 
point  of  the  circumference,  by  right  lines  to  the  two  intersec- 
tions; this  angle  and  its  supplement  are  bisected  by  right  lines 
to  the  extremities  of  the  diameter. 

Thus:  if  LR,  a diameter  of  GNH,  be  cut  in  I by  NI,  and, 
produced,  in  K by  NK,  and  if  GK  cut  the  circumference  in  H 
between  G and  K ; the  angles  INK,  IHK,  IGK,  are  bisected 
by  NR,  HR,  GR,  and  their  supplements  INX,  IHY,  IGY,  by 
NL,  FIL,  GL ; KN  being  produced  to  X,  and  KG  to  Y. 

Dem.  Produce  NI  to  O in  the  circumference,  and  draw  OR, 
OL.  Then  RNK  is  -f  equal  to  NOR,  so  to  ONR  or  INR ; also 
LNX  to  NOL,  so  to  ONL  or  INL.  Produce  GI,  HI,  to  T,  S, 
in  the  circumference.  Draw  HT,  SK,  SR,  SG,  SL.  Then, 
since  HS  and  GT  bisect  NO,  HKR  or  GKR  is  £ equal  to  RKS 
or  RKT,  HK  § to  TK,  GK  to  SK ; and  HT  and  GS  are  per- 
pendicular to  LR.  IHR  or  SHR  is  equal  to  SGR,  so  to  GSR, 
which,  having  the  supplement  ||  RHG,  is  equal  to  RHK.  And, 
from  the  equal  arcs  RH,  RT,  TGR  or  IGR  is  equal  to  RGH 
or  RGK.  And  the  right  lines  LG,  LS,  are  equal,  and  the  arcs 
LG,  LS;  whence  LHS  or  LHI  is  equal  to  LHG  or  LHY. 


* Prop.  III.  and  IV. 

^ III  Eucl.  prop.  8. 


f III  Eucl.  prop.  32. 
||  III  Eucl,  prop.  22. 


X Cor.  3 to  prop.  I. 
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And  LGI  (LGS  and  IGS)  is  equal  to  LSG  and  ISG  together, 
that  is,  to  LSI,  which,  having  the  supplement  LGH,  is  equal 
to  LGY.  0.  E.  D. 

Cor.  l.  The  angle  HIT  is  bisected  by  LR,  which  bisects  HT 
perpendicularly : and  GIH  is  bisected  by  NO,  because  HIR  is 
equal  to  TIR,  so  to  GiL. 

Cor.  2.  In  every  triangle  in  which  IK  is  one  side,  and  the 
opposite  angle  is  at  the  circumference  of  the  circle,  the  two 
other  sides,  adjacent  to  IR  and  RK  respectively,  are*  in  the 
ratio  of  IR  to  RK. 

Cor.  3.  Fig.  6.  If  a right  line  IK  be  divided  unequally  in  R, 
in  a ratio  given ; a circle  LNR  may  be  found  such,  that,  IK 
being  a side  of  any  triangle  having  the  opposite  angle  at  the 
circumference,  one  of  the  other  sides  shall  bear  to  the  remaining 
side  the  given  ratio.  Describe  the  semicircle  ITK,  draw  RT 
perpendicular  to  IK,  and  the  tangent  TL  cutting  KI  produced 
in  L:  a circle  LNR,  on  the  diameter  LR,  is  the  circle  required. 
For,  let  the  two  circumferences  cut  each  other  inO;  bisect 
IK  in  F,  LR  in  C ; draw  IN  perpendicular  to  LR ; also  FQ, 
CO,  FT,  CN,  KN.  Then,  since  LTF  and  TRF  are  right 
angles,  the  rectangle  LFR  is  -f*  equal  to  the  square  of  FT,  so 
of  FQ;  whence  FQ  touches  J LNR,  FQC  is  a right  angle,  and 
CQ  touches  § ITK;  whence  the  rectangle  KCI  is  ||  equal  to 
the  square  of  CQ,  so  of  CN,  and  the  angle  KNC,  as  equal 
to  NIC,  is  a right  angle,  therefore  KN  a tangent. 

Prop.  VI.  Fig.  5.  If  the  tangent-chord  of  a given  point  be 

# VI  Eucl.  prop.  3.  f VI  Eucl.  prop.  8.  Cor.  and  prop.  17. 

t III  Eucl.  prop.  37.  § III  Eucl.  prop.  16.  Cor.  ||  III  Eucl.  prop.  36. 

^ VI  Eucl.  prop.  14  and  6. 
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cut  by  a chord  produced  to  that  point ; the  produced  chord  is 
divided  in  harmonica!  proportion.* 

Thus : if  NO  the  tangent-chord  of  K be  cut  in  V by  a chord 
GH,  or  in  I by  the  diameter  LR,  each,  when  produced,  pass- 
ing through  K ; then  GK  is  to  HK  as  GV  to  VH,  and  LK  to 
RK  as  LI  to  IR.  That  is  ; the  distances  of  G and  H,  ofL  and 
R,  from  K,  are  proportional  to  their  distances  from  V and  I 
respectively. 

Dem.  Let  the  figure  be  as  in  Prop.  V. ; and  let  GA,  HB,  be 
perpendiculars  on  LR.  Then  the  angles  HIR,  GIL,  are-f 
equal.  Therefore  the  triangles  HIB,  GIA,  are  similar;  and 
GK  is  to  HK  as  GA  to  HB,  as  AI  to  IB,  as  GV  to  VH.  Fur- 
ther. LK  is  to  RK  as  the  rectangle  LKR  or  the  square  of  NK 
to  the  square  of  RK,  as  that  of  J NI  to  that  of  IR,  as  § LI  to 
IR.  Q.  E.D.  || 

Cor.  1.  If  a chord  GT,  through  any  vertex  I,  will,  produced, 
cut  KC,  the  indefinite  base  to  I,  in  any  point  C ; then  GC  is 
to  TC  as  GI  to  IT,  and  GC  to  GI  as  TC  to  TI.  For  the  tan- 
gent-chord of  C passes  through  I. 

Cor.  2.  If  GT  be  a chord  through  any  vertex  I,  and  Z any 
point  in  the  base,  and  if  the  chord  bisected  in  I be  cut  in  D by 
ZG,  in  W by  ZT  produced  ; ID  is  equal  to  IW.  For  DW 


* This  proportion  has  been  expressed  in  different  ways.  A line  LK  consists  of 
three  parts,  LI,  IR,  RK;  and  the  whole  line  is  to  either  extreme  part,  as  the  other 
is  to  the  middle  part.  Otherwise:  LK,  LR,  LI,  are  three  lines;  and  the  first  is  to 
the  third,  as  the  difference  of  the  first  and  second  is  to  that  of  the  second  and  third. 

+ In  Cor.  1 to  prop.  V.  J Cor.  2 to  prop.  V. 

§ VI  Eucl.  prop.  8.  Cor.  and  prop.  20.  Cor.  2. 

|J  Among  the  proofs  which  might  be  given,  of  this  proposition,  one  (applicable 
both  to  GH  and  LR)  is  by  VI  Eucl.  prop.  3 and  prop.  A following  it,  together 
with  the  Prop.  V here  given  and  its  first  corollary.  qj  Prop.  I. 

t 
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is  parallel  to  KC:  and  CZ  is  to  ID  as  GC  to  GI,  as  * TC  to 
TI,  as  CZ  to  IW.  And,  conversely,  if  ID  be  equal  to  IW, 
then  GD  and  WT,  produced,  will  meet  in  a point  Z of  the 
base. 

Cor.  3.  Fig.  6.  If  L,  I,  R,  K,  in  that  order,  be  points  in  one 
right  line,  and  LK  be  to  RK  as  LI  to  IR,  and  if  LR  be  a dia- 
meter of  a circle  LNR,  and  IN  perpendicular  to  LR ; KN  is  a 
tangent.  For,  if  not,  the  tangent* chord  of  K will  cut  LR  in 
some  point  X other  than  I.  Then  LX  is  to  XR  as  LK  to  RK, 
as  LI  to  IR:  which  is  impossible.  So,  if  IK  be  the  diameter  of 
ITK,  and  RT  a perpendicular;  LT  is  a tangent. 

Cor.  4.  Fig.  6.  If  any  three  of  L,  I,  R,  K,  be  given;  the 
fourth,  if  an  extreme  point,  as  K,  may  be  found  by  LNR,  IN, 
NK;  if  an  intermediate  point,  as  R,  then  by  ITK,  LT,  TR. 

Cor.  5.  Fig.  7.  A circle  PHF  may  be  described,  having  a 
given  vertex  V to  a given  base  LR,  and  passing  through  a 
given  point  P whose  perpendicular  distance  from  LR  is  greater 
than  from  VF  parallel  to  LR.  Let  GD  be  a perpendicular, 
through  V,  on  LR.  Draw  PD,  PV ; also  PG,  making  the 
angle  VPG  equal  to  PDG.  G is  the  centre  required.  For, 
draw  GF.  Then,  by  the  similar  triangles  DGP  and  PGV, 
the  rectangle  DGV  is  equal  to  the  square  of  PG  or  GF ; 
whence  the  triangles  DGF  and  FGV  are  similar,  DFG  is  a 
right  angle,  as  equal  to  FVG,  and  DF  a tangent;  whence  V 
is  •f  vertex  in  PHF  to  LR.  Let  DV  cut  the  circle  first  in  H, 
then  in  K.  DK  is  to  KV  as  DH  to  HV.  Therefore  DH  is 
greater  than  HV  ; and,  if  P were  not  further  from  LR  than 
from  VF,  the  thing  could  not  be  done.  If  P be  given  in  the 


* Cor.  1. 


f Cor.  1 to  prop.  I. 
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perpendicular,  as  at  H or  K,  the  circle  is  found  from  the  pro- 
portion, DK  to  KV  as  DH  to  HV. 

Cor.  6.  Fig.  7.  If  two  circles,  SQT  and  HFK,  have  the 
same  vertex  V to  a given  base  LR;  they  are  not  concentric, 
and  one  includes  the  other  and  does  not  touch  it.  Thus : if  E 
be  the  centre  of  SQT,  and  G of  HFK,  and  EV  be  greater 
than  GV ; SQT  includes  HFK,  and  does  not  touch  it.  For,  let 
VDbe  the  perpendicular  on  LR.  Draw  VQ  parallel  to  LR, 
cutting  SQT  in  Q and  HFK  in  F.  Draw  DQ,  DF : which  are 
tangents.  Then,  if  any  point  X were  the  common  centre  of 
the  circles,  and  XF  and  XQ  were  drawn,  both  XFD  and  XQD 
would  be  right  angles : which  is  impossible.  E and  G are  * 
in  DV  produced : which  line  will  cut  SQT  first  in  a point  S, 
then  in  a point  T ; and  in  like  manner  cut  HFK,  in  H and  K. 
Then  DK  is  to  KV  as  DH  to  HV,  and  DT  to  TV  as  DS  to 
SV.  But  DK  is  less  than  DT ; whence  the  ratio  of  DK  to  KV 
is  greater  than  of  DT  to  TV.  Therefore  that  of  DH  to  HV 
is  greater  than  of  DS  to  SV ; whence  SV  is  greater  than  HV. 
A fortiori  the  whole  of  SQT  falls  without  HFK. 

Prop.  VII.  Fig.  7.  Problem.  Two  circles,  not  concentric, 
being  given,  of  which  one  includes  the  other  and  does  not 
touch  it ; to  find  a base,  having  a vertex  common  to  the  two 
circles. 

Solution . Let  E be  the  centre  of  the  outer  circle  SQT,  and 
G that  of  the  inner  HFK.  Draw  EG  indefinite ; cutting  the 
circles  in  H and  S beyond  G,  in  K and  T beyond  E.  Find  a 

right  line  A equal  -f  to  — ES  — EG ; and  divide  it  £ 


* Cor.  1 to  prop.  I.  f See  IEucl.  prop.  47 ; and  VI  Eucl.  prop.  17  and  1 1. 
X Cut  it  perpendicularly  by  a chord  equal  to  2GH,  in  a circle  on  the  diameter  A. 
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into  two  parts  whose  rectangle  shall  be  equal  to  the  square  of 
GH.  Make  GV  equal  to  the  less  part,  and  GD  to  the  greater; 
taking  V and  D in  EG  produced  beyond  G.  Through  D, 
perpendicular  to  GD,  draw  LR  the  base  required : to  which  V 
is  the  common  vertex. 

Dem.  First,  A is  greater  than  2GH.  For  sq.  ES  — sq.  GH 
is  greater  than  sq.  EH  — sq.  GH,  which  is  * sq.  EG  -f-  2EGH ; 

whence  A is  greater  than  — EG,  which  is  2GH. 

Therefore  A can  be  divided  as  required. 

Through  V draw  VQ  parallel  to  LR;  cutting  HFK  in  F, 
and  SOT  in  Q.  Draw  GF,  FD,  EQ,  OD.  Then,  because  the 
rectangle  DGV  is  equal  to  the  square  of  GH  or  GF,  the  tri- 
angles DGF  and  FGV  are  similar,  the  right  angle  GVF  is 
equal  to  GFD,  DF  is  a tangent,  and  V the  vertex  -f  in  HFK 
to  the  base  LR. 

Further.  To  A (DG  + GV)  add  EG.  Then  2— 

is  equal  to  DE  -f-  GV;  whence  sq.  ES  = DEG  + EGV  + 
sq.  GH  (DGV),  = DGE  J + sq.  EG  + EGV  + DGV,  = 

DG  -f-  EG  x EG  + GV,  = DEV.  Since,  then,  the  square 
of  ES  or  EO  is  equal  to  DEV,  DO  (as  DF  before)  is  a tan- 
gent, and  V the  vertex  in  SOT  to  LR.  O.  E.  D. 

EV  and  ED  might  have  been  found,  instead  of  GV  and 

GD;  mutatis  mutandis : by  making  A equal  to  'ry'-— 

+ EG,  and  the  rectangle  under  its  parts  equal  to  the  square 
of  ES. 


* II  Eucl.  prop.  4. 


f Cor.  1 to  prop.  I. 


J If  Eucl.  prop.  3. 
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Additional  Definitions  for  the  Introductory  Propositions. 

Def.  4.  Fig.  8.  The  points  of  concourse , of  a trapezium,  are 
the  two  points  in  which  (if  at  all)  the  opposite  sides,  produced, 
meet  respectively.  Thus  : if  ABCF  be  a trapezium,  and  if  FA 
and  CB  meet  in  L,  AB  and  FC  in  R ; the  points  of  concourse 
are  L and  R. 

Def.  5.  The  connecting  line  is  a right  line  joining  the  two  points 
of  concourse  ; as  LR.  And,  if  the  figure  be  one  inscribed  in 
a circle,  LR  is  cut  in  the  dividing  point  D by  a perpendicular 
from  the  center. 

Def.  6.  The  near  angle  and  the  remote  angle,  of  a trapezium 
having  two  points  of  concourse,  are  those,  respectively,  whose 
angular  points  have  the  least,  and  the  greatest,  perpendicular 
distances  from  the  connecting  line.  The  two  others  are  the 
mean  angles. 

Prop.  VIII.  Fig.  8.  The  near  angle,  of  an  inscribed  trape- 
zium having  two  points  of  concourse,  is  greater  than  any  of 
the  others ; and  the  remote  angle  is  less  than  any. 

Thus : if  the  figure  be  as  in  def.  4,  and  ABC  be  the  near 
angle,  AFC  the  remote ; ABC  is  greater  than  each  of  BAF, 
BCF,  AFC ; which  last  is  less  than  each  of  BAF,  BCF. 

Dem.  BAF,  having  * the  supplement  BCF,  is  equal  to  RCB ; 
and  BCF  to  LAB.  Therefore  ABC,  an  exterior  angle  of  the 
triangles  RCB  and  LAB,  is  greater  than  either  of  the  mean 
angles  at  A and  C : and  their  equals,  RCB  and  LAB,  being 
exterior  angles  of  the  triangles  LFC  and  RFA,  are  severally 
greater  than  AFC.  Q.  E.  D. 
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Cor.  1.  ABC  is  always  obtuse,  and  AFC  acute;  because 
their  sum  is  two  right  angles : whence  AC  is  not  a diameter. 

Cor.  2.  BF,  subtending  the  mean  angles,  is  greater  than  the 
other  diagonal.  For,  if  they  be  right  angles,  BF  is  a diameter. 
If  they  be  not,  one  is  acute  ; as  BAF.  Then,  since  this  is 
greater  than  AFC,  the  double  of  it,  that  is,  an  angle  on  BF  at 
the  * centre,  is  greater  than  one  on  AC  at  the  centre ; there- 
fore BF  than  AC. 

Cor.  3.  The  greater  diagonal,  produced,  cuts  LR  between 
L and  R ; the  less  beyond  L or  R,  if  at  all. 

Cor.  4.  The  sides  containing  the  remote  angle,  are  greater 
than  their  opposites;  FC  than  AB,  AF  than  BC.  For  the 
triangle  LAC  is  similar  to  LBF,  and  LCF  to  LAB.  Therefore 
LF  is  to  LC  as  BF  to  AC;  whence  LF  isj  greater  than  LC, 
and  than  LB.  But  LF  is  to  LB  as  FC  to  AB.  By  the  like 
proof,  AF  rs  greater  than  BC. 

Prop.  IX.  Fig.  9.  The  tangent-chord  of  each  point  of  con- 
course, of  an  inscribed  trapezium,  will,  produced,  pass  through 
the  other. 

Thus:  if  L and  R be  the  points  of  concourse  ; the  tangent- 
chord  of  L will  pass  through  R,  and  that  of  R through  L. 

Dem.  Let  ABCF  be  the  trapezium,  ABC  the  near  angle, 
AFC  the  remote,  and  L the  concourse  of  FA  and  CB. 
Describe  the  circle  ABL,  meeting  LR  in  D;  and  draw  AD, 
also  the  tangents  LG,  RS.  Then  the  angle  LDA  is  equal  to 
LBA,  which,  by  the  common  supplement  ABC,  is  equal  to 
LFC  or  LFR;  whence  the  triangle  LDA  is  similar  to  LFR, 
and  the  rectangle  RLD  equal  to  FLA,  so  to  the  square  of  LG. 
But  LRD  is  equal  to  ARB,  so  to  the  square  of  RS.  Therefore 

4 I Eucl.  prop.  24.  I Cor.  2. 

3 B 


* III  Eucl.  prop.  20. 
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the  squares  of  LG  and  RS  are  together  equal  to  RLD  and 
LRD,  so  to  the*  square  of  LR;  whence  the  tangent-chord  of 
L willf  pass  through  R,  and  that  of  R through  L-  Q.  E.  D. 

Cor.  1.  If  E be  the  centre,  V the  vertex  to  LR  taken  as  a 
base,  and  M the  mean  point,  and  if  right  lines  be  drawn  or 
conceived,  from  L and  R,  to  E,  to  V,  to  M;  LMR  is  a right 
angle,  LVR  obtuse,  LER  acute.].* 

Cor.  2.  D is  the  dividing  point. § 

Cor.  3.  Each  side  of  ABCF  is  a chord  in  a circle  passing 
through  the  opposite  point  of  concourse  and  the  dividing  point. 
For,  describe  the  circle  FCL;  and  let  D be  now  the  point  in 
which  this  circumference  cuts  LR;  and  draw  DF.  Then  the 
angle  LDF  is  equal  to  LCF,  so  to  LAR;  whence  the  triangle 
LDF  is  similar  to  LAR,  and  the  rectangle  RLD  equal  to  FLA, 
and  so  to  the  square  of  LG,  as  before.  Therefore  D,  as  || 
before,  is  the  dividing  point.  And  a circle  CBR  would  be 
proved  as  ABL,  and  FAR  as  FCL,  to  pass  through  that  point. 

Cor.  4.  The  diameter  LI  of  ABL  is  perpendicular  to  FC. 
For,  let  them  meet  in  K;  and  draw  ID.  Then  the  angle  LID 
is  equal  to  LAD,  so  to  LRF  or  LRK;  whence  LKR,  as  equal 
to  LDI,  is  a right  angle.  In  like  manner  the  diameter  of  FCL 
would  be  proved  perpendicular  to  AB,  that  of  CBR  to  AF,  that 
of  FAR  to  BC. 

Prop.  X.  Fig.  9.  If  an  inscribed  trapezium  have  two  points 
of  concourse;  the  connecting  line  is  the  base  to  which  the 
mutual  intersection  of  the  diagonals  is  vertex  in  the  inscribing 
circle. 

Thus:  if  ABCF  have  L and  R its  points  of  concourse;  LR 

* II  Euct.  prop.  2.  t Prop.  IV.  J Prop.  Ill,  and  its  Cor.  1. 

§ Def.  5,  and  Cor.  2 to  prop.  III.  j|  This  Prop,  and  Cor.  2. 
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is  the  base  to  which  V,  the  intersection  of  AC  with  BF,  is 
vertex  in  the  circle  ABCF. 

Dem.  Let  x\BC  be  the  near  angle,  AFC  the  remote,  E the 
centre,  D the  dividing  point,  and  A in  LF.  Draw  ED,  DA,  DC, 
DB,  DF.  Draw  or  conceive  the  circles*  ABDL  &c.  Then,  by 
ABDL,  the  triangle  LDA  is-f  similar  to  LFR;  and,  by  CBDR, 
RDC  to  RFL : whence  the  angles  LDA,  RDC,  are  equal, 
and  ADC  is  bisected  by  DE.  Further.  If  BF  be  a diameter, 
it  coincides  with  ED  ; which  J bisects  the  tangent-chord  of  D. 
Let  it  be  not  a diameter.  By  the  circle  ABDL,  the  angle 
LDB  has  the  supplement  LAB,  and  is  equal  to  BAF ; and,  by 
FADR,  RDF  is  equal  to  RAF  or  BAF:  whence  LDB,  RDF, 
are  equal ; also  LDF,  RDB ; and  BDF  is  bisected  by  DE. 
Therefore  the  tangent-chord  of  D is  § bisected  by  AC  and 
BF,  in  V.  But  ED  bisects  it : whence  V is  its  intersection  with 
ED,  therefore  ||  the  vertex  to  LR.  Q.  E.  D. 

Cor.  1 . Fig.  5.  If  two  sides,  as  GS  and  HT,  be  parallel ; a line 
KC  parallel  to  them  is  the  base.  For,  let  GH  and  ST  meet  in 
K,GT  and  SH  in  I.  Then  one  diameter  LR  bisects  GS  and  HT 
perpendicularly,  and,  produced,  bisects  the  angle  GKT  or 
HKS;  whence  GT  and  SH  bisect the  tangent-chord  of  K in 
I : which  is  perpendicular  to  LK  or  LR,  and  so  is  parallel  to 
GSand  HT  ; whence  KC  is**  base  to  the  vertex  I.  Also  GH 
and  ST  are  equal. 

Cor.  2.  Fig.  9.  DAEC,  DBEF,  are  circles;  except  BF  be 
a diameter  of  the  inscribing  circle.  For  the  rectangle  DVE 

* Cor.  3 to  prop.  IX. 

X Dem.  of  prop.  I. 

f|  Cor.  1 to  prop.  I. 

**  Cor.  1 to  prop.  I. 

3 B 3 


f Dem.  of  prop.  IX. 
$ Cor.  3 to  prop.  I. 
qy  Cor.  3 to  prop.  I. 
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is  equal  to  the  square  of*  half  of  the  tangent-chord  of  D 
therefore  to  AVC,  and  to  BVF. 

Cor.  3.  Fig.  10.  If  ABCF  be  an  inscribed  trapezium,  having 
V the  mutual  intersection  of  the  diagonals,  L and  R the  points 
of  concourse,  ABC  the  near  angle,  AFC  the  remote,  and  A in 
LF,  and  if  FB  and  AC,  produced,  cut  LR  in  I and  K;  LK  is 
to  RK  as  LI  to  IR.  For,  let  LB  and  RB,  produced,  cut  SP, 
drawn  through  V parallel  to  LR,  in  P and  S.  Then  LK  is  to 
PV  as  CK  to  CV,  as-f  AK  to  AV,  as  RK  to  SV ; whence  LK 
is  to  RK  as  PV  to  SV,  as  LI  to  IR. 

Cor.  4.  Fig.  10.  If  to  M,  the  mean  point  to  the  base  LR, 
be  drawn  LM,  IM,  RM,  and  KM  produced  to  any  point  X ; 
the  angle  IMK  is  bisected  by  MR,  and  IMX  by  ML.  For,  on 
the  diameter  LR,  and  on  the  same  side  with  the  trapezium, 
describe  the  semicircle  LNR,  and  draw  IN  perpendicular  to 
LR.  Then  KN,  being  drawn,  is  J a tangent.  And,  because 
LMR  is  § a right  angle,  M is  in  the  circumference  LNR; 
whence  ||  the  angles  are  bisected. 

Cor.  5 Fig.  10.  Or,  if  a base  LK  be  cut  in  any  two  points 
I and  K by  chords,  as  FB  and  AC,  through  its  vertex  V,  and 
M be  the  mean  point ; the  angle  IMK  is  bisected  by  drawing 
either  AB  or  FC,  producing  it  to  R in  the  base,  and  drawing 
MR.  For  AB  and  FC  meet  the  base  in  one  point:  and  the 
inscribed  trapezium  ABCF  may  be  completed.  Also  IMX 
might  be  bisected  in  a similar  manner. 

Cor.  6.  Fig.  g.  If  any  polygon,  having  an  even  number  of 
sides,  be  inscribed  in  a circle,  and  its  diagonals  joining  opposite^ 

* Of  PV  in  Fig.  2.  f Cor.  1 to  prop.  VI.  J Cor.  3 to  prop.  VI. 

§ Cor.  1 to  prop.  IX.  ||  Prop.  V. 

f By  opposite  angles  and  sides  are  meant  such,  that  the  two  intercepted  arcs  contain 
equal  numbers  of  angular  points. 
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angles  meet  in  one  point  V,  not  the  centre ; the  opposite  sides 
will  respectively  meet,  if  at  all,  in  points  of  the  base  to  the 
vertex  V.  For  any  two  opposite  sides,  as  AB  and  FC,  may 
be  made  the  opposite  sides  of  an  inscribed  trapezium  having 
the  same  intersection  of  its  diagonals.  If  two  opposite  sides 
be  parallel,  the  base  is*  parallel  to  them. 

Cor.  7.  Fig.  11.  If  ABCF  and  LR  be  as  in  the  proposition, 
and  if  IK,  KN,  NO,  OI,  be  tangents  respectively  at  A,  B,  C, 
F ; the  diagonals  IN,  KO,  of  the  circumscribed  figure  IKNO, 
cut  each  other  in  the  same  point  V as  do  those  of  ABCF,  and 
are  in  the  same  indefinite  lines  as  the  tangent-chords  of  L and 
R.  For,  since  AB  the  tangent-chord  of  K will  pass  through 
R,  that  of  R wilLf*  pass  through  K ; likewise  through  O,  whose 
tangent-chord  is  FC.  And  it  will  pass  through  j V,  and  § L. 
In  like  manner  the  tangent-chord  of  L will  pass  through  N, 
I,  V,  and  R. 

Cor.  8.  Fig.  11.  Therefore  the  opposite  sides  of  a circum- 
scribed trapezium,  if  they  meet,  meet  in  points  of  the  same' 
indefinite  base  as  that  of  such  inscribed  one;  namely,  whose 
angular  points  are  the  points  of  contact  of  the  circumscribed. 
For  the  sides  are  tangents  from  chords  through  V.  If  two 
opposite  sides  be  parallel,  the  base  is  parallel  to  them.  For, 
if  IO  and  KN,  which  are  tangents  at  F and  B,  were  parallel, 
FB  would  be  a diameter,  and  perpendicular  to  them : and, 
because  it  passes  through  V,  it  would  be  the  diameter  perpen- 
dicular to  LR. 

Cor.  9.  Fig.  11.  Also,  if  a circumscribed  polygon  have  an 
even  number  of  sides,  and  its  diagonals  ||  pass  through  one 


* Cor.  1. 

$ Prop.  IX. 


f Prop.  III. 

||  As  in  Cor.  6. 


t Prop.  I. 
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point  V,  not  the  centre;  the  opposite  sides,  if  they  meet,  meet 
respectively  in  * one  base ; and  it  is  the  base  in  which  those 
of  such  •f  inscribed  one  meet.  If  two  opposite  sides  be  paral- 
lel, the  base  is  parallel  to  them. 

Prop . XI.  Fig.  12.  If,  in  each  of  two  circles  having  a com- 
mon vertex  to  a given  base,  a chord  be  drawn  through  the 
vertex,  and  if,  by  joining  the  extremities  of  the  two  chords,  a 
trapezium  be  formed  having  two  points  of  concourse;  the  base 
is  the  connecting  line.  If  two  sides  of  the  trapezium  be  paral- 
lel, they  are  also  parallel  to  the  base. 

Thus:  if,  in  BFT  and  ACK,  BF  and  AC  be  chords  through 
V the  common  vertex  to  the  base  LR,  and  if  ABCF  have  two 
points  of  concourse;  these  are  in  LR.  If  FA  and  CB  were 
parallel,  they  would  be  parallel  to  LR. 

Dem.  Through  V draw  NO  parallel  to  LR.  The  opposite 
sides  FA  and  CB,  since  they  meet,  cannot  both  be  parallel  to 
LR.  Let  FA,  produced  beyond  A,  meet  LR  in  L,  and  cut  NO 
m N.  Through  L and  B draw  LO,  cutting  NO  in  O ; and 
draw  LC,  OC.  Then,  by  the  circle  BFT,  NV  and  VO  are  J 
equal.  And,  because  they  are  equal,  then,  by  the  circle  ACK, 
AN  (or  FA)  and  OC  produced  will  meet  § in  the  base,  there- 
fore in  L;  whence  OC  and  CL  are  one  right  line  OL;  of 
which,  LB  is  part.  Therefore  LBC  is  one  right  line,  and  L 
a point  of  concourse.  In  like  manner,  some  point  R of  LR  is 
the  other  point  of  concourse.  Therefore  LR  is  the  connecting 
line.  And  since,  if  FA  or  CB  meet  LR,  they  are  thus  proved 
to  meet  each  other,  therefore,  if  they  do  not  meet  each  other, 
neither  of  them  meets  LR;  that  is,  they  are  parallel  to  it. 
Q.  E.  D. 

* Prop.J.  t See  Cor.  6.  J Cor.  2 to  prop.  VI.  § lb;  converse. 
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Cor.  1.  If  the  two  circles  coincide,  ABCF  becomes  an  inscribed 
trapezium  : and  thus  is  obtained  a separate  proof  of  the  tenth 
proposition.  * * * § 

Cor.  2.  If,  in  any  number-f'  of  circles  having  a common 
vertex  and  base,  chords  through  the  vertex  be  made  diagonals 
of  any  trapeziums,  inscribed  or  not;  such  base  is  the  locus  of 
all  the  points  of  concourse. 

Prop.  Xil.  Fig.  12.  If  a non-inscribed  £ trapezium  have  two 
points  of  concourse ; the  connecting  line  is  the  base  to  which 
the  mutual  intersection  of  the  diagonals  is  vertex  in  two  circles, 
in  each  of  which  one  diagonal  is  a chord. 

Thus  : if  ABCF  have  L and  R its  points  of  concourse  ; LR 
is  the  base  to  which  V,  the  intersection  of  AC  with  BF,  is  vertex 
in  the  circles  ACK  and  BFT. 

Dcm . Let  VD  be  the  perpendicular  on  LR.  Let  ABC  be 
the  near  angle,  AFC  the  remote,  and  A between  L and  F. 
Through  V draw  NO  parallel  to  LR,  and  indefinite.  And  let 
AC  be  first  supposed  to  cut  NO,  and  C to  be  nearer  to  LR 
than  A is.  Let  lines  bisecting  BF  and  AC  perpendicularly 
cut  DV  in  E and  G.  With  the  centres  E and  G describe  the 
circles  BFT  and  ACK.  In  both,  V is  vertex  to  the  base  LR. 
For  two  circles,  through  F and  A respectively,  can  § be  de- 
scribed, each  having  V its  vertex  to  LR.  If  these  do  not  pass 
through  B and  C respectively,  let  them  cut  FB  and  AC  in 
other  points,  X and  Y ; and  complete  the  trapezium  AXYF. 

* The  former  proof  is  retained,  as  independent  of  harmonical  proportion  (involved 
in  this  proposition),  and  of  the  deduction  by  the  coincidence. 

I See  Cor.  4 to  prop.  I. ; or  Cor.  5 to  prop.  VI. 

I That  is,  one  which  cannot  stand  inscribed  in  a circle. 

§ Cor.  5 to  prop.  VI. 
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Then  FX  and  AY  are  chords  through  V in  two  circles  having 
V their  common  vertex  to  the  base  LR;  whence  YX  pro- 
duced will  * meet  FA  in  L.  And  FY  and  AX  cut  NO,  there- 
fore are  not  parallel  to  LR,  therefore  'f  not  to  each  other,  but 
meet  J in  a point  of  LR.  This  they  cannot  do,  unless  X be 
at  B and  Y at  C : for,  since  X and  Y are  such  that  YX  is 
directed  to  L,  FY  and  AX  will,  if  not  passing  through  C and 
B,  either  meet  before  they  cut  LR,  or  beyond  it.  Therefore 
no  two  circles,  passing  through  F and  A respectively,  except 
BFT  and  ACK,  have  V their  common  vertex  to  LR.  Therefore 
those  two  have. 

Let  now  AC  be  conceived  § to  coincide  with  NO.  Then  a 
circle,  having  its  centre  any  point  in  DV  indefinite,  might  pass 
through  A and  C.  If  a centre  be  found,  in  DV,  by  drawing 
DA  or  DC,  and,  perpendicular  to  it,  a line  from  A or  C cut- 
ting DV,  then  the  circle  will  have  V its  vertex  to  LR;  because 
DA  and  DC  will  be  tangents. 

Therefore,  whether  AC  cut  NO  or  not,  LR  is  the  base  to 
which  V is  vertex  in  the  circles  BFT,  ACK.  Q.  E.  D. 

Cor.  1.  If  FA  and  CB  were  parallel;  RL  parallel  to  them 
would  be  the  base  to  which  V would  be  vertex,  in  two  such 
circles.  For,  let  VD  be  a perpendicular  on  LR ; and  E,  G, 
X,  Y,  as  before.  Then,  if  YX  could  meet  FA,  it  would  be  || 
in  RL.  But  RL  does  not  meet  FA.  Therefore  YX  does  not; 
but  is  parallel  to  FA  and  CB ; whence  AX  and  FY,  which 
must  meet  in  LR,  must  pass  through  B and  C,  and  there- 
fore meet  in  R ; whence  R is  a point  of  the  base  to  which  V 

* Prop.  Af.  f lb;  latter  part. 

§ This  may  be  conceived  without  an  additional  figure. 

j|  Prop.  XI.  ^ lb. 
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is  vertex  both  in  BFT  and  ACK.  And  this  base,  being  * per- 
pendicular to  the  right  line  through  E,  G,  and  V,  is  RL. 

Cor.  2.  If  ABCF  be  a trapezium;  one  of  those  circles,  as 
BFT,  unless  it  coincide  with  ACK,  includes  it,  and  without 
contact. -f* 

Cor.  3.  If  ABCF  be  a trapezium,  either  inscribed  or  not, 
having  two  points  of  concourse,  L and  R;  the  part  NO,  of  the 
parallel  to  LR  through  V,  intercepted  between  two  opposite 
sides,  is  J bisected  in  V.  So  between  AB  and  FC. 

Cor.  4.  Fig.  13;  the  same  as  fig.  12,  so  far  as  the  letters 
are  common.  If  ABCF  be  a trapezium,  inscribed  or  not, 
having  two  points  of  concourse  L and  R,  and  if  FB  and  AC 
be  the  diagonals  and  V their  mutual  intersection,  VD  a per- 
pendicular on  LR,  and  right  lines  be  drawn  from  D to  F,  B, 
A,  C;  the  angles  BDF  and  ADC  are  § bisected  by  DV.  For 
the  chord  bisected  in  V is  the  tangent-chord  of  D,  in  each  of 
the  two  circles  of  the  proposition. 

Cor.  5.  Fig.  13.  If  FB  and  AC,  produced,  cut  LR  in  I and  K ; 
then  FI  is  to  BI  as  FV  to  VB,  and  AK  to  CK  as  AV  to  VC.  || 

Cor.  6.  Fig.  13.  The  connecting  line  of  a trapezium,  in- 
scribed or  not,  is  divided  harmonically  in  the  four  points 
L,  I,  R,  K,  in  which  it  is  cut  by  the  produced  sides  and  diago- 
nals. For  the  demonstration,  of  the  corollary  here  referred 
to,  may  (by  the  present  proposition  and  its  fifth  corollary) 
be  applied  to  trapeziums  not  inscribed.** 

Cor.  7.  Fig.  6.  Hence,  if  L and  R be  the  points  of  concourse 

* Cor.  1 to  prop.  I.  f Cor.  6 to  prop.  VI.  t Cor:  2 to  prop.  VI. 

§ Cor.  3 to  prop.  I.  ||  Cor.  1 to  prop.  VI.  Cor.  3 to  prop.  X. 

**  This  sixth  corollary  Is  proved  differently  in  Hamilton’s  Stereography,  B.  III. 
Sect.  I.  Lemma  22.  The  remainder  of  that  lemma  is  the  present  Cor.  5. 
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of  any  conceived  trapezium,  whose  diagonals  produced  cut  the 
base  in  I between  L and  R,  and  in  K beyond  R,  and  if,  on  the 
diameters  LR  and  IK,  be  described  the  semicircles  LNR  and 
ITK,  and  if  IN  and  RT  be  perpendicular  to  LR ; KN  and  LT, 
being  drawn,  are  tangents.* 

Cor.  8.  Fig.  12  or  13.  If  the  diagonals  of  a non-inscribed 
polygon,  having  an  even  number  of  sides,  meet  in  one  point; 
the  opposite  sides  will  respectively  meet,  if  at  all,  in  the  base 
to  which  that  point  is  vertex  in  two  or  more  circles.  For  the 
proof  applied  -f  to  the  inscribed  polygon  may,  now,  be  ex- 
tended to  the  non-inscribed.  If  two  opposite  sides  be  parallel, 
the  base  is  J parallel  to  them. 

End  of  the  Introductory  Propositions. 


On  the  Elliptic  Representation  of  a Circle , upon  a plane  surface , 

by  Perspective. 

Definitions. 

Although  the  reader  is  presumed  to  be  acquainted  with  the 
principles  of  perspective ; yet  the  definitions  in  that  science 
have  varied  so  much,  that  it  may  be  right  to  prefix  a few  here. 
Some  new  terms  are  also  introduced. 

Def.  1.  The  centre  of  the  picture  is  that  point,  in  the  indefi- 
nite plane  of  the  picture,  in  which  it  is  cut  by  a perpendicular 
from  the  eye. 

Def.  2.  The  directing  plane  is  a plane  through  the  eye,  pa- 
rallel to  the  picture. 

Def.  3.  The  intersecting  line  and  directing  line , of  an  objec- 

* Cor.  3 to  prop.  VI.  f Cor.  6 to  prop.  X.  J Cor.  i to  this  prop. 
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five  plane,  are  those  in  which  that  plane  is  cut  by  the  picture 
and  directing  plane  respectively  : and  the  centres  of  those  two 
lines  are  the  points  in  which  they  are  cut  by  perpendiculars 
from  the  eye. 

Del.  4.  The  intersecting  point  and  directing  point , of  an  ob- 
jective line  or  of  its  representation,  are  those  two  points  in 
which  the  objective  line  cuts  the  intersecting  and  directing 
lines  respectively. 

Def.  5.  The  director  is  a right  line  from  the  eye  to  the  di- 
recting point. 

Def.  6.  The  central  line , in  an  objective  plane,  is  a right  line 
cutting  the  directing  line  perpendicularly  in  its  centre. 

Def.  7.  The  centroid , of  an  objective  circle,  is  the  point  re- 
presented by  the  centre  of  the  representing  ellipse. 

Def.  8.  Conjugate  chords  are  chords  represented  by  conjugate 
diameters  of  the  ellipse. 

For  brevity,  the  representation  of  any  point  A or  line  AB 
in  any  figure,  is  called  a or  ab;  although  the  a or  ab  should 
not  appear  in  the  figure : small  letters  every  where  denoting 
points  in  the  picture,  whether  exhibited  in  the  figures  or  not. 
Each  figure,  after  the  first,  represents  a single  plane:  which, 
except  in  fig.  4 and  7,  is  the  objective  plane. 

Prop.  I.  Fig.  1.  The  perspective  representation  of  an  entire 
circle,  is  an  ellipse.* 

Dem.  Let  the  circle  ABC  be  an  object,  viewed  by  art  eye 
placed  at  O.  Let  FD  be  the  plane  of  the  picture,  MR  the 
directing  plane,  DE  the  intersecting  line  of  the  objective  plane, 
and  LR  its  directing  line.  Conceive  an  indefinite  line,  passing 

# In  these  propositions,  ellipse  includes  the  ease  in  which  the  representation  is  a 
circle ; except  the  contrary  be  expressed  or  implied  : a circle  being  an  ellipse  with 
equal  axes. 
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always  through  O,  to  be  moved  round,  along  the  circumference 
ARC.  A cone  will  thus  be  generated.  And  the  section  of  this 
cone  by  FD  is  the  perspective  representation  of  the  circle.  But, 
since  the  circle  is  supposed  to  lie  wholly  beyond  FD,  from  0,the 
plane  MR,  through  O,  parallel  to  FD,  neither  cuts  nor  touches 
the  circle.  Therefore  * the  section  is  an  ellipse.  Q.  E.  D. 

Cor.  If  the  eye  remain  fixed,  and  FD  be  moved,  parallel  to 
itself,  till  it  cut  ABC;  then  a part  only  of  ABC  is  seen  through 
FD  : and  its  representation  is  part  of  an  ellipse,  and  similar  to 
the  corresponding  part  of  abc.  For  a given  figure  will  have 
similar  projections,  formed  by  the  same  lines  OA,  OB,  &c,  on 
parallel  planes.'')' 

Prop.  II.  Fig.  2.  The  centroid  of  a circle  is  the  vertex  to 
the  directing  line  taken  as  a base.  £ 

Dem.  Let  GTH  be  the  circle,  LR  its  indefinite  directing  line, 
and  V its  vertex  to  the  base  LR.  Then,  whatever  chord,  as 
GH  or  ST,  passes  through  V,  its  tangents  meet  § in  a point 
of  LR.  Therefore  they  have  the  same  director,  and  their 

i ' , 

representations  are  ||  parallel ; whence  those  of  GH  and  ST 
are  diameters  of  the  representing  ellipse,  and  V is  the  cen- 
troid. Q.  E.  D. 

Cor.i.  Hence,  from  the  directing  line,  the  centroid  is  found.** 

* By  the  known  properties  of  the  cone.  See,  in  particular,  prop.  81,  82,  83,  of 
Conic  Sections  by  the  Rev.  T.  Newton,  Fellow  of  Jesus’  College,  Cambridge;  1794: 
which  is  the  treatise  referred  to  in  subsequent  notes. 

f If  the  directing  line  touch  or  cut  the  circle,  the  representation  is,  accordingly, 
a parabola  or  hyperbola.  It  is  not  the  design  of  these  propositions,  to  enter  upon 
those  cases.  They  may  be  seen  elsewhere : particularly  in  Hamilton’s  Stereogra>- 
phy;  where  also  are  various  particulars  of  the  elliptic  representation. 

J See  Def.  2,  of  introductory  Propositions.  § Introd.  prop,  I. 

|j  Brook  Taylor’s  Perspective,  1719;  Cor.  1 to  Theo.  V. 

^ By  conic  sections.  A necessary  converse  of  T.  Newton’s  prop.  28. 

**  Cor.  1 to  introd.  prop.  1. 
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Cor.  2.  The  centroid  remains  fixed,  if  the  circle  and  direct- 
ing line  remain  : although  the  eye  move,  in  the  same  directing 
plane;  or  the  picture  move  parallel  to  itself;  or  vary  its 
angle  with  the  circle,  the  eye  so  moving  as  to  preserve  the 
same  directing  line.  » • 

Prop.  III.  Fig.  2.  In  conjugate  chords,  each  is  the  tangent- 
chord  of  the  directing  point  of  the  other. 

Dem.  Let  GH  and  ST  be  conjugate  chords.  Produce  them 
to  their  directing  points  R and  L.  Then,  because  st  * and  gh 
are  conjugate  diameters,  st  is  parallel  to  the  tangents  to  the 
ellipse  at  g and  h : whence  the  tangents  to  the  circle  at  G and 
H have  J the  same  director,  and  the  same  directing  point  L, 
with  ST  ; or  GH  is  the  tangent-chord  of  L the  directing  point 
of  ST.  In  like  manner  ST  is  the  tangent-chord  of  II  the 
directing  point  of  GH.  Q.  E.  D. 

Cor.  l.  If  GH,  the  tangent-chord  of  any  point  L in  the 
directing  line,  will  cut  that  line  in  any  point  R;  L and  R will 
be  the  directing  points  of  conjugate  chords.  For  ST  the 
tangent-chord  of  R will  § pass  through  L;  whence  the 
tangents  to  the  ellipse  atg  and  h ar  parallel  to  st.  And  those 
at  s and  t are  parallel  to  gh.  The  :e  st  and  gh  are  conjugate 
diameters. 

Cor.  2.  If  M be  the  ||  mean  so  , v " and  R the  directing 
points  of  conjugate  chords,  L K is  ^ a r • ...  ; t angle.  And,  if 
LR  be  the  directing  line  and  L:\T\a  . md  R will 

be  the  directing  points  oi  conjugal-.:  *.  i ••  Is.  the  t;  ' -rent- 

chord  of  each  point  will  p a t 

» See  what  is  subjoined  to  the  ions.  : ->  c 

j A necessary  converse  of  C t.  ~o  TWo.  \ ' ^uocjc  T 

$ Introd.  prop.  III.  i|  IntTcd.  prop*',  def.  3. 

'**  lb.  prop.  IV. 
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Cor.  3.  If  therefore  one  chord  through  the  centroid  V were 
the  diameter,  consequenfly  * perpendicular  to  LR  and  passing 
through  M;  the  conjugate  chord  would  be  parallel  to  LR, 
therefore  bisected  in  V. 

Prop.  IV.  If  any  right-lined  figure,  having  an  even  number 
of  sides,  be  inscribed  in  a circle,  or  described  about  one,  and  if 
its  diagonals,  joining  opposite  angles,  pass  through  the  cen- 
troid ; the  opposite  sides  of  the  representation  are  parallel 
respectively. 

Dem.  If  the  circle  be  parallel  to  the  picture,  the  centroid 
is  the  centre,  and  all  the  respectively  opposite  sides,  of  the  in- 
scribed or  circumscribed  figure,  are  parallel ; therefore  also 
their  representations.  Let  the  centroid  be  another  point.  The 
opposite  sides  will  meet,  if  at  all,  in  the  indefinite  base  to  the 
centroid  taken  as  a vertex,  that  is,  in  J the  directing  line  of  the 
objective  plane.  If  any  two  opposite  sides  will  not  meet,  they 
are  § parallel  to  the  directing  line.  Therefore,  in  all  cases, 
the  representations  are  parallel.  Q.  E.  D. 

Cor.  This  is  applicable,  mutatis  mutandis , to  non-inscribed 
figures,|| 

Prop.  V.  Fig.  3.  If  the  centre  of  an  objective  circle  be  in 
the  central  line  of  its  plane ; one  axis  of  the  representing  ellipse 
is  parallel  to  the  intersecting  line,  the  other  perpendicular. 

Dem . Let  V be  the  centroid,  A the  centre  of  the  directing 
line  LR,  and  AO,  in  the  central  line,  equal  to  the  distance  of 
A from  the  eye ; BF  the  diameter  through  V,  and  PQ  the 
chord  bisected  in  V.  Then,  since  FA  cuts  the  intersecting  line 

* Cor.  1,  2,  to  introd.  prop.  I.  f Introd.  prop.  X.  and  cor.  6,  8,  9. 

J Prop.  II.  § lb.  with  cor.  1,  6,  8,  9,  of  introd.  prop.  X. 

||  Introd.  prop.  XII,  and  cor.  1 and  8. 


the  Elliptic  Representation  of  a Circle.  379 

perpendicularly  in  its  centre,  therefore  (by  perspective)/^  is 
perpendicular  to  that  line,  and  vq  parallel:  whence /ft?  is  a 
right  angle.  But  no  two  conjugate  diameters  are  at  right 
angles,  except  the  axes.  Therefore  bf  and  pq\  always*  con- 
jugate diameters,  are  now  the  axes.  Q.  E.  D. 

Cor.  1.  The  perpendicular  axis  has  (by  perspective)  its 
vanishing  point  in  the  centre  of  the  vanishing  line  of  the 
objective  plane. 

Cor.  2.  It  is  also  directed  to  the  centre  of  the  picture.  For 
the  directing  line  is  / perpendicular  to  that  plane,  through  the 
eye,  which  is  perpendicular  to  the  objective  and  directing 
planes.  Therefore  the  central  line  is  in  that  perpendicular 
plane:  whence  its  indefinite  representation  is  the  common 
section  of  that  plane  with  the  picture;  which  common  section 
passes  through  the  centre  of  the  picture. 

Cor.  3.  If  O be  at  the  mean  point  M (which  is  always  X m 
BF),  in  which  case  the  distance  of  A from  the  eye  is  equal  to 
a tangent  from  A ; the  representation  is  a circle,  whose  centre 
represents  V.  For,  from  the  further  extremity  F of  BF,  draw 
FP;  also  FQ,  produced  to  R in  LR.  Draw  MR,  OR,  AQ. 
Then,  if  AOR,  revolving  on  AR,  bring  O to  the  eye,  AO  and 
OR  become  the  directors  of  fv  and  fq,  therefore  parallel  to 
them  respectively;  whence  the  angle  vfq  is  § equal  to  AOR, 
and  the  triangle  vfq  similar  to  AOR,  wheresoever  O is  in  AF. 
But,  if  O be  at  M,  AO  is  equal  to  AR.  For  the  angle  AOR 
is  equal  ||  to  FPQ,  to  FOP,  to  ARQ;  whence  AR  is  equal  to 


• Cor.  3 to  prop.  III.  + XI  Euol.  prop.  19. 

I Cor.  2 to  introd.  prop.  I.  § XI  Eucl.  prop.  10. 

(j  Its  vertically  opposite  is  so.  Ill  Eucl.  prop  32. 


3^o  Dr.  R.  Key’s  Propositions  concerning 

AO,  so  to  AM ; therefore  vq  to  vf,  and  the  axes  are  equal: 
but  V remains  the  centroid. 

Cor.  4.  If  AO  and  AM  be  unequal,  the  axes  are  so.  If  AO 
be  greater  than  AM,  the  axis  perpendicular  to  the  intersecting 
line  is  the  major  axis  ; if  less,  the  minor. 

Cor.  5.  Fig.  4.  If  O be  at  the  mean  point,  the  section  of  the 
cone  of  rays  is  the  subcontrary  * section.  For,  let  ABF  be  as 
before,  but  O now  at  the  real  place  of  the  eye ; so  that  fig.  4 
shall  be  the  plane  in  which  are  BF  and  its  representation  bf. 
Draw  AO,  OF.  Then  bf\s  parallel  to  its  director  AO.  And, 
since  AO  is  equal  to  a tangent  from  A,  its  square  is  equal  to 
the  rectangle  FAB  ; whence  the  triangle  FAO  is  similar  to 
OAB,  and  the  angle  OFA  or  OFB  equal  to  BOA,  so  to  O bf. 

Cor.  6.  Fig.  4.  If  OFB  and  Obf  be  unequal,  the  axes  are 
so.  If  OFB  be  greater  than  Obf,  the  axis  perpendicular  to 
the  intersecting  line  is  the  major  axis;  if  less,  the  minor.' ■f* 
For,  if  A and  B and  F be  fixed,  whilst,  by  the  motion  of  the 
eye  directly  from  or  towards  A,  the  angle  OFB  and  the  length 
AO  are  varied ; these  will  increase  or  decrease  together,  and 
Obf  will  accordingly  decrease  or  increase. 

Prop.  VI.  Prob,  I.  Fig.  3 and  5.  A circular  object  being 
given  in  magnitude,  and  in  position  with  respect  to  the  eye  and 
the  plane  of  the  picture ; to  find  the  axes  of  the  representing 
ellipse. 

Fig.  3.  If  the  centre  of  the  circle  be  in  the  central  line  of 
the  plane,  find  (by  perspective)  bf}pq ; which  are  J the  axes. 

Fig.  5.  If  it  be  not  so  placed,  let  the  circle  GTH  be  the 
object,  and  E its  centre.  From  the  given  position  the 

* Known  in  conic  sections.  See  T.  Newton,  prop.  82. 
f Cor.  4.  % Prop.  V.  and  its  Dem. 


the  Elliptic  Representation  of  a Circle.  38? 

directing  plane  is  determined,  and  the  directing  line.  Let  this 
line  be  LR,  and  A its  centre.  Make  a rig*ht  angle  LAO,  on 
the  same  side  o f LA  as  the  circle  is ; and  make  AO  equal  to 
the  distance  of  A from  the  eye.  Find  V the  * vertex  to  the 
base  LR ; also  M •f*  the  mean  point.  Draw  OM ; and  bisect 
it  perpendicularly  in  O,  by  OC  cutting  LR  in  C:  and  draw 
CO.  In  LR  take  CL  and  CR,  each  equal  to  CO;  and,  through 
V,  draw,  towards  R and  L,  the  chords  GH  and  ST.  Find  gh 
and  st , by  perspective.  These  are  the  axes. 

Dem.  With  the  centre  C and  radius  CO,  describe  the  semi- 
circle LOMR  ; and  draw  LO,  OR,  LM,  MR.  Then,  because 
V is  J the  centroid  and  LMR  a right  angle,  gh  and  st  are  § 
conjugate  diameters.  And  they  are  perpendicular  to  each 
other.  For,  if  LOR,  revolving  on  LR,  bring  O to  the  eye, 
OL  and  OR  become  the  directors  of  st  and  gh , therefore  pa- 
rallel to  them  respectively ; whence  the  angle  tvh  is  ||  equal 
to  the  right  angle  LOR.  But  no  two  conjugate  diameters  are 
perpendicular  to  each  other,  except  the  axes.  Therefore  gh 
and  st  are  the  axes.  g.  E.  D. 

In  practice , find  (by  trial)  in  the  directing  line  a point  C 
equidistant  from  O and  M ; and,  in  the  same  line,  take  CL, 
CR,  each  equal  to  CO.  And,  if  either  L or  R,  suppose  R,  be 
at  an  inconvenient  distance,  the  chord  GH,  directed  to  R,  may 
be  found  as  the  tangent-chord  of  L.  f 

Cor.  1.  Fig.  6 ; the  same  as  Fig.  5,  so  far  as  the  letters  are 
common.  One  mode  of  finding  the  axes,  after  GH  and  ST 
found,  is  this.  Draw  GT,  and  produce  it  cutting  LR  in  B. 
Draw  OB  ; also  BK,  cutting  OR  perpendicularly  in  K.  Find, 

* Cor.  1 to  introd.  prop.  I.  f Cor.  2.  ib.  % Prop.  II. 

§ Cor.  2 to  prop.  III.  j|  XI  Eucl.  prop.  10.  f Prop.  III. 
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by  perspective,^,  or gv,  or  vt;  and,  upon  the  line  so  found, 
make  a triangle  gvt  similar  to  OKB,  having  the  angle  g equal 
to  O,  and  v to  K.  Then  are  gv  and  vt  two  semi-axes.  For  R 
and  B are  the  directing  points  of  GV  and  GT. 

Cor.  2.  Fig.  5,  6.  When  E is  not  in  the  central  line  of  the 
plane,  neither  GH  nor  ST  is  perpendicular  to  LR ; therefore 
neither  axis  tends  to  the  centre  of  the  vanishing  line  of  the 
plane. 

Cor.  3.  Fig.  5,  6.  Wheresoever  O is  in  the,  arc  LMR,  the 
same  chords  GH  and  ST  are  the  originals  of  the  axes. 

Cor.  4.  Fig.  6.  The  major  axis  has  its  directing  point  on 
that  side,  of  the  central  line  AO,  on  which  E is  placed.  For, 
draw  ML,  MB,  MR.  Then,  if  O were  at  M,  gv  would  be  * 
equal  to  vt,  and  the  angle  vtg  to  tgv.  Therefore  LMB  is 
equal  to  BMR.  But,  if  O be  in  the  arc  between  L and  M,  the 
angle  LOB  stands  on  a greater  arc  in  the  circle  LMR  than 
LMB  does,  and  BOR  on  a less  than  BMR;  whence  LOB, 
therefore  OBK,  is  greater  than  BOK,  OK  than  KB,  and  gv 
than  vt. 

Prop.  VII.  Fig.  7.  If  the  object  be  a sphere  in  any  oblique  J 
position ; the  major  axis,  of  the  representing  ellipse,  is  directed 
to  the  centre  of  the  picture. 

Dem.  To  a given  sphere  conceive  any  tangents  drawn  from 
O the  eye.  The  points  of  contact  are  in  the  circumference  of 
a circle,  whose  representation  (as  to  the  outline)  is  that  of  the 

* .Cor.  3 to  prop.  V. 

f Or,  without  perspective,  these  angles  are  equal;  by  Cor.  5 to  introd.  prop.  X: 
where  they  are  (fig.  10)  IMR,  RMK. 

X By  oblique  position  is  here  meant  any  except  that  in  which  a right  line,  from  the 
eye  to  the  centre  of  the  sphere,  passes  through  the  centre  of  the  picture. 
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sphere,  and  whose  plane  is  perpendicular  to  a line  * from  O 
through  E the  centre  of  that  circle  to  the  centre  of  the  sphere. 
It  this  line  passed  through  the  centre  of  the  picture,  such  plane 
would  be  parallel  to  the  picture,  and  the  representation  a circle. 
But,  let  it  not  so  pass.  Yet  such  plane  is  to  be  taken  as  the 
objective  plane.  And,  since  E is  in  every  plane  perpendicular 
to  it  through  the  eye,  and  the  central  •f*  line  is  in  one  such 
plane,  and  both  are  in  the  objective  plane,  E is  in  the  central 
line.  Let  FB,  the  diameter  in  that  line,  have  B its  extremity 
nearer  to  its  directing  point  A,  and  be  produced  to  A.  Draw 
OF,  OB,  OA ; and  let  the  representation  fb  meet  FB  pro- 
duced in  K.  Then  the  angle  OFB,  being  equal  to  OBF,  is  J 
greater  than  BbK  or  Obf.  Therefore  the  axes  are  unequal, 
and  the  major  axis  is  directed  to  the  centre  of  the  picture.  § 
Q E.  D. 

Cor.  1.  If  the  plane  of  a picture  parallel  to  the  former  should 
cut  off  part  of  FB ; then  the  part  viewed,  of  the  circle  or  sphere, 
would  have  a representation  ||  similar  to  its  former  one,  and 
the  major  axis  would  still  be  directed  to  the  centre  of  the 
picture. 

Cor.  2.  The  centre  of  the  picture  is  not  the  vanishing  point 
of  the  major  axis.  For  FAO  or  FK/  is  not  a right  angle. 

Lemma.  Fig.  8.  No.  1 and  2.  If  original  lines,  in  one  plane, 
converge  to  a point ; their  representations  will  converge  to  a 
point,  or  be  parallel.  And,  if  the  representations  converge  to 
a point ; the  originals  will  so  converge,  or  be  parallel. 


* The  intersection  of  this  line  with  the  picture  is  also  its  vanishing  point.  When 
this  is  given,  the  vanishing  line  of  the  perpendicular  plane  is  found  by  perspective. 
Brook  Taylor,  Prob.  XV.  -f  In  Cor.  2 to  prop.  V. 

{ 1 Eucl.  prop.  16.  § Cor.  6 and  2 to  prop.  V.  ||  Cor.  to  prop.  I. 
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Dem.  Let  the  indefinite  original  lines  CF,  DG,  EH,  meet 
in  P;  having  C,  D,  E,  their  directing  points,  and  F,  G,  H, 
their  intersecting  points.  From  A the  centre  of  the  directing 
line,  and  towards  FH,  draw  AO  perpendicular  to  AD  and  equal 
to  the  distance  of  A from  the  eye.  Draw  CO,  DO,  EO:  which 
are  the  directors,  brought  down,  into  the  original  or  objective 
plane,  by  the  revolution  of  COE  or  the  directing  plane  on  CE. 
Parallel  to  these  draw  lines  through  F,  G,  H : which  will  be 
the  indefinite  representations,  brought  down  by  the  revolution 
of  the  picture  on  FH.  These  indefinite  representations  will 
form,  on  FG  and  GH,  triangles  respectively  similar  to  COD 
and  DOE ; and  perpendiculars  from  their  vertices  to  FH  will 
bear  to  OA  the  ratios  of  FG  to  CD  and  GH  to  DE.  But 

A 

these  ratios  are  equal,  because  FH  is  parallel  to  CE.  There- . 
fore  the  perpendiculars  are  the  same  line  KN,  and  the  vertices 
are  one  point  K.  If  P be  in  the  directing  line,  by  which  C,  D, 
and  E,  coincide  with  P ; there  is  only  one  director,  and  the 
representations  are  * parallel.  One  part,  then,  is  proved. 

Now,  let  F,  G,  H,  be  the  intersecting  points,  and  FK,  GK, 
HK,  the  indefinite  representations,  brought  down  as  before: 
and  let  KN  be  a perpendicular  on  FH,  and  let  AO  be  as  be- 
fore. Draw  OC,  OD,  OE,  parallel  respectively  to  KF,  KG, 
KH,  and  cutting  the  directing  line  in  C,  D,  E;  and  draw,  in- 
definitely, CF,  DG,  EH.  These  are  the  original  lines  repre- 
sented ; because  C,  D,  E,  are  the  directing  points,  and  F,  G, 
H,  the  intersecting  points.  From  similar  triangles,  CD  is  to 
FG  as  CO  to  FK,  as  AO  to  NK,  as  EO  to  HK,  as  DE  to  GH; 
or  CD  is  to  FG  as  DE  to  GH.  Therefore,  if  CD  and  FG  be 
unequal,  consequently  DE  and  GH,  then  CF,  DG,  EH,  will 

* Brook  Taylor;  Cor.  1 to  Theo.  V. 
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meet  in  a point  P,  of  DG,  making  PD  to  PG  as  CD  to  FG. 
And,  if  CD  and  FG  be  equal,  the  three  will  either  meet  in  a 
point  equidistant  from  FH  and  CE,  or  be  parallel.  £>.  E.  D. 

Cor.  1.  If  the  originals  neither  converge  to  a point  nor  are 
parallel,  the  representations  do  not  converge  to  a point. 

Cor.  2.  It  is  impossible,  therefore,  that  the  major  or  minor 
axes  should  so  converge,  of  ellipses  representing  any  circles; 
unless  the  originals  of  the  axes  should  in  any  case  so  converge 
or  be  parallel : which  will  only  be,  if  the  intervals  between 
their  intersecting  points  be  proportional  to  those  between  the 
directing  points.  * 

Prop.  VIII.  Prob.  II.  Fig.  g The  magnitude  and  positions 
being  given,  of  any  equal  circles  in  one  plane,  having  their 
centres  in  the  central  line ; to  find  a law  which  the  axes,  of 
the  representing  ellipses,  observe  in  their  directions. 

One  axis  is  f parallel  to  the  intersecting  line,  the  other  per- 
pendicular. Let  AR,  KI,  AK,  be  the  directing,  intersecting, 
and  central  lines,  indefinite  ; AK  passing  through  the  centres 
of  the  circles  i,  ii,iii,  and  any  others  such  as  supposed.  Con- 
ceive O (not  in  the  figure)  at  the  real  place  of  the  eye.  AO 
may  be  equal  to  a tangent  from  A to  some  one  circle,  or  not. 
Let  the  ii  be  so  placed.  This  alone  will  be  J represented  by 
a circle : those  § between  KI  and  ii  by  ellipses  whose  minor 
axes  are  parallel  to  KI,  and  major  axes  directed  to  the  centre 
of  the  picture ; those  beyond  ii  by  ellipses  whose  major  axes 
are  parallel  to  KI,  and  minor  axes  directed  to  the  centre  of  the 
picture.  This,  then,  is  a law  observed. 

* Yet  some  advantage  may  be  gained,  by  discovering  any  law  or  regularity  observed 
in  the  directions  of  the  axes.  This  is  attempted  in  the  remaining  propositions. 

f Prop.  V.  X Cor.  3 and  4 to  prop.  V.  § Cor.  4 and  2 to  prop  V. 
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Cor.  1.  The  law  holds  in  unequal  circles,  when  all  nearer 
and  further  than  ii  have,  respectively,  their  mean  points  nearer 
and  further  than  that  of  ii : because  the  distance  of  the  mean 
point  from  A is  equal  to  the  tangent.  But  the  inequality  may 
be  such  as  to  destroy  this  supposition. 

Cor.  2.  If  AO  be  less  than  AK,  therefore  less  than  the  pa- 
rallel and  equal  line  (OS  in  Fig.  4)  which  is  the  distance  of 
the  vanishing  line  from  the  eye*,  and  if  the  mean  point  of  the 
nearest  circle  be  beyond  the  picture  ; then  all  the  major  axes 
are  parallel  to  KI,  all  the  minor  directed  to  the  centre  of  the 
picture. 

Cor.  3.  When  it  is  known  which  axis  is  parallel  to  KI,  then, 
if  one  point  of  either  be  given,  its  direction  is  got  by  drawing 
a line  to  the  centre  of  the  picture,  or  else  a line  parallel  to 
KI. 

Cor.  4.  The  extremities  of  the  axes  parallel  to  KI,  are 
bounded  by  the  following  limits.  Let  PQ  be  the  tangent-chord 
of  A in  the  nearest  circle,  and  GH  the  parallel  diameter ; G and 
P being  on  one  side  of  AK.  If  lines  be  drawn  through  G and 
P,  parallel  to  AK,  their  representations  are  the  boundaries  of 
the  extremities  on  that  side  of  AK  ; and  the  like  on  the  other 
side.  For  PQ  is  the  original  of  the  axis:  and  the  correspond- 
ing chord  is  greater,  as  the  circle  is  more  distant ; but  always 
less  than  the  diameter. 

Prop.  IX.  Prob.  III.  Fig.  10.  To  find  the  same,  when  the 
centres  are  in  a line  parallel  to  the  central  line. 

Let  one  rank  of  equal  circles  so  placed  be  2,  ii,  Hi , See. ; let 

* This  supposition  may,  when  the  objective  plane  is  perpendicular  to  the  picture, 
be  expressed  thus : If  the  height  of  the  eye  be  less  than  the  distance  of  the  picture. 
Where  bright  denotes  perpendicular  distance  from  any  objective  plane. 
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another  be  ix,  x , xi , &c. : all  having  their  centres  E,  E,  &c. 
From  the  directing  line  AN,  find  the  centroids  V,  and  the 
mean  points  M,  in  as  many  circles  as  may  be  requisite.  On 
. the  same  side  of  AN  as  the  circles  are,  take  AO,  in  the  cen- 
tral line,  equal  to  the  distance  of  A from  the  eye  ; and  make 
A the  centre  of  a circle  ON.  In  either  rank,  as  i,  ii,  &c,  if 
all  the  mean  points  be  without  ON,  find  * the  directing  point 
L of  the  minor  axis  of  i the  nearest  circle.  By  the  construc- 
tion, the  directing  points  of  the  minor  axes  for  all  the  circles 
ii,  Hi,  &c,  will  be  between  L and  A.  Draw  LO.  In  the  plane 
of  the  picture  place  the  triangle  LOA,  or  any  similar  triangle, 
in  the  same  situation  with  regard  to  the  indefinite  intersecting 
line,  or  some  parallel  line,  as  LOA  has  here  with  regard  to 
the  directing  line.  Then  ■f-  will  all  the  minor  axes,  for  ii.  Hi, 
&c,  be  respectively  parallel  to  lines  drawn  from  points  in  the 
base  of  such  triangle  to  its  vertex  corresponding  with  O ; each 
of  such  points  will  be  nearer  to  the  point  corresponding  with 
A,  as  the  circle  is  further  from  the  directing  line ; and  the 
approach  to  A (and  to  its  corresponding  point)  will  be  with- 
out limit,  while  circles  are  added.  This,  then,  is  a law 
observed  by  the  minor  axes : to  which  the  major  will  be  per- 
pendicular, respectively. 

If  the  circles  be  unequal,  the  law  holds  good ; unless  the 
inequality  cause  the  mean  point  of  a further  circle  to  be  not 
further  than  that  of  a nearer  circle. 

If  the  angle  LOA  be  inconveniently  large,  find  also  the  di- 
recting point  F for  the  circle  ii.  Then  all  the  directing  points, 
for  lii,  &c,  will  be  between  F and  A.  Or,  in  some  cases,  find 
the  directing  point  G for  the  furthest  of  the  rank : and  then  the 
* Prop.  VI.  t tb* 
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directing  points,  for  all  between  i and  the  furthest,  will  be 
between  L and  G. 

The  use  of  the  law  found,  is  this.  When,  in  practice,  it 
would  be  tedious  to  find  * accurately,  in  position  and  length, 
the  axes  for  each  circle ; the  artist  may,  by  this  law,  know 
pretty  nearly  the  directions  of  the  axes  for  all  the  circles,  of 
the  rank  for  which  he  has  constructed  the  triangle  LOA  or 
FOA.  Those  axes,  howsoever  seldom  they  may  converge  -f 
to  a point,  are  always  parallel  to  lines  which  do.  In  addition, 
he  may  find,  by  perspective,  such  particular  points  as  any  case 
may  suggest.  If  ST  be  the  diameter  perpendicular  to  the  di- 
recting line,  st  is  readily  found  : which  passing  through  v3  so 
being  a diameter  of  the  ellipse,  its  middle  point  is  one  point  in 
each  axis.  Or,  some  centroids  V may  be  found ; whence  the 
elliptic  centres  v}  by  easy  operations  of  perspective.  If  the 
circles  are  equal,  it  may  suffice,  after  V found  in  a few  of  the 
nearest  circles,  to  take  the  remaining  lines  EV  (in  the  same 
rank)  equal,  or  to  diminish  them  by  the  view.  And,  if  the 
circles  (in  each  rank)  be  also  at  equal  intervals,  their  centroids 
may  often  be  considered  as  at  equal  intervals  ; or,  after  a few 
of  the  nearest.  Whence  the  points  v,  with  increased  facility. 

If  the  mean  point  in  any  circle,  as  ix,  be  within  ON,  find 
the  directing  point  R of  the  major  axis : which  may  be  more 
convenient  than  that  of  the  minor,  as  nearer  J to  A.  But  this 
case  cannot  happen,  with  the  mean  point  lying  beyond  a pic- 
ture perpendicular  to  the  objective  plane ; unless  the  perpen- 
dicular distance  (by  the  scale  assumed  for  any  delineation)  of 

* By  prop.  VI.  f See  Cor.  2 to  Lemma. 

| If  M be  in  the  circumference  ON,  the  directing  points  of  the  two  axes  are  equi- 
distant from  A ; by  the  construction  of  prop.  VI. 
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that  plane  from  the  eye  be  greater  than  the  distance  of  the 
picture. 

If  a figure,  constructed  as  fig.  10,  happen  to  be  inconve- 
niently large,  it  may  be  constructed  upon  a reduced  scale. 
The  triangles  LOA  &c.  remain  similar,  each  to  itself ; whence 
the  directions  of  the  axes  are  the  same. 

Prop.  X.  Prob.  IV.  Fig.  11.  To  find  the  same,  when  the 
centres  are  in  a line  parallel  to  the  picture. 

Of  the  circles  z,  ii,  &c,  let  the  centres  be  E,  E,  &c.;  let 
AO  and  ST  be  a$  in  Prop.  IX,  and  D,  D,  the  directing  points 
of  ST.  In  one  circle,  find  the  centroid  V and  the  mean  point 
M.  Through  these  draw  lines  parallel  to  AD : which  will 
cut  the  other  lines  ST  in  the  points  V and  M of  all.  Let  the 
parallel  through  M cut  AO,  or  AO  produced,  in  F. 

First  case.  Let  AO  be  less  * than  AF.  Let  ii  be  so  placed, 
that  OD,  being  drawn,  may  equal  DM  or  AF.  Find  G the 
directing  point  of  the  minor  axis  for  ii ; and  draw  GO. 
Transfer -f  GOA  to  the  picture;  (or  place  therein  a similar 
triangle.)  Then  the  minor  axes,  for  all  the  circles  on  the 
same  side  of  AO  as  ii  is,  are  parallel  to  lines  from  points  of 
GA  to  O;  and,  the  nearer  any  such  circle  is  to  ii,  on  either 
side  of  it,  the  nearer  will  the  axis  be  to  parallelism  with  GO. 
Nor  is  there  any  limit  to  the  approach  to  parallelism  with  GO, 
or,  reversely,  with  AO.  This,  then,  is  a law  observed. 

For  the  circle  OM  J has  the  shortest  radius  when  its  centre 
is  at  the  D of  ii.  That  radius  is  increased,  whether  M (always 


* This  is  always  so,  when  the  picture  is  perpendicular  to  the  objective  plane,  if  (by 
the  scale)  the  perpendicular  distance  of  the  plane  from  the  eye  be  less  than  the  dis- 
tance of  the  picture;  unless  a mean  point  be  between  the  picture  ard  AD. 
f As  LOA  in  prop.  IX.  t Drawn  as  in  prop.  VI. 
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in  the  parallel  through  F ) be  taken  between  F and  the  M of 
ii9  or  beyond  that  M;  and  the  circumference  cuts  GA  between 
G and  A,  approaching  to  A as  the  radius  is  increased.  And 
both  the  increase  of  the  radius  and  the  approach  of  the  cir- 
cumference to  AO  are  without  limit,  while  circles  are  added. 

The  i and  iv  are  so  placed,  in  the  figure,  as  to  have  the 
same  directing  point  for  their  minor  axes  : C being  the  centre 
of  OMM. 

Second  case.  Let  AO  be  AF.  Produce  AG  to  H,  making 
AH  equal  to  AF.  Then,  the  nearer  M is  to  F,  the  less  is  the 
radius  of  the  circle  OM  or  FM  ; never  less  than  AF.  At  the 
same  time,  its  centre  is  the  nearer  to  A,  and  the  directing  point 
of  the  minor  axis  is  the  nearer  to  H : which  approaches  may 
be  made  without  limit.  Place,  as  before,  in  the  plane  of  the 
picture,  a triangle ; now  HFA,  or  one  similar.  The  minor 
axes  will  be  parallel  to  lines  from  the  base  of  such  triangle  to 
its  vertex : each,  as  its  circle  is  further,  being  nearer  to  a right 
angle  with  the  intersecting  line  ; and  without  limit.  This  is 
a law  observed. 

If  requisite,  find  accurately  the  directing  points  of  the  minor 
axes  for  a few  circles  nearest  to  AF : or  for  one ; as  N for 
iv.  In  HFA,  transferred  to  the  picture,  mark  N.  Then,  for 
all  the  circles  nearer  than  iv,  the  minor  axes  will  be  parallel 
to  lines  from  points  between  H and  N ; and,  for  ail  beyond 
iv,  between  N and  A. 

In  this  second  case,  if  M be  at  F,  the  representation  is  * a 
circle. 

Third  case.  Let  AO  be  greater  than  AF.  With  the  centre 
A describe  a circle  LOR ; cutting  AD  in  R on  the  same  side 

* Cor.  3 to  prop.  V. 
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of  AO  with  the  objective  circles  before  given,  and  in  L on  the 
other  side.  Then,*  if  one  of  those  circles,  as  ii,  have  its  mean 
point  in  the  circumference  OR,  the  directing  points  of  the  two 
axes  are  L and  R.  And,  for  any  circle  between  ii  and  AO, 
the  directing  point  of  the  major  axis  is  between  R and  A,  and 
nearer  to  A than  that  of  the  minor  is ; which  is  beyond  L. 
And,  for  all  circles  beyond  ii,  the  directing  points  of  the  minor 
axes  are  between  L and  A.  Draw  LO,  RO.  Then  LOA, 
ROA,  or  triangles  similar  to  them,  transferred  to  the  picture, 
as*f  GOA  in  the  first  case  and  HOA  or  HFA  in  the  second, 
give  lines  to  which  the  axes  will  be  respectively  parallel : and, 
of  the  minor  axes,  each,  as  its  circle  is  further,  is  nearer  to  a 
right  angle  with  the  intersecting  line ; and  without  limit. 
This  is  a law  observed. 

Any  requisite  approximation  to  accuracy  may  be  made  ; by 
the  mode  used  in  the  second  case,  when  N was  found. 

A figure,  constructed  as  fig.  11,  may,  if  required,  be 
reduced  by  a scale.  J 

Prop.  XI,  and  last.  Prob.V.  Fig.  12,  13.  To  find  the  same, 
when  the  centres  are  in  a right  line  oblique  to  the  intersecting 
line  of  the  plane. 

Fig.  12.  If  the  circles  had  been  so  placed  that  (instead  of 
the  centres)  the  mean  points,  M,  M,  &c,  were  in  such  line 
having  any  directing  point  X ; a law  observed  would  have 
been  as  follows.  Let  LR  be  the  directing  line;  and  let  AO 
be  as  before,  but  less  than  AF,  and  in  F let  AO  produced  meet 
XM.  With  the  centre  A describe  a circle,  having  the  diameters 
ON,  LR  ; L being  on  the  same  side  of  A with  X : and  let  XM 

* Construction  of  prop.  VI. 
j See  the  end  of  prop.  IX. 


f As  LOA  in  prop.  IX, 
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be  wholly  out  of  LOR.  In  FM  take  FP  towards  X,  and  FQ 
the  contrary  way,  each  a mean  proportional  between  FN  and 
FO ; and  draw  PC  and  QK,  perpendicular  to  PQ,  cutting  the 
directing  line  in  C and  K.  Let  the  circle  PG  with  the  radius  CP 
cut  LR  in  G towards  R,  and  let  the  circle  QH  with  the  radius 
KO  cut  it  in  H towards  L.  Let  the  M nearest  to  X be  between 

''V' 

X and  P.  In  the  directing  line  find  the  centre  W of  a circle 
passing  through  O and  this  M,  cutting  FM  in  U also,  and  LR 
in  I beyond  A.  Then,  for  circles  whose  mean  points  are  U 
and  the  M nearest  to  X,  the  directing  point  of  the  minor 
axis  is  I.  If  a circle  move,  and  so  that  its  mean  point  shall 
move  in  XM ; then,  while  this  moves  from  that  M to  P,  and 
on  from  P to  U,  the  directing  point  of  the  minor  axis  moves 
accordingly  from  I to  G,  and  back  from  G to  I.  While  the 
mean  point  moves  from  U to  F,  from  F to  Q,  then  beyond  O 
without  limit,  such  directing  point,  accordingly,  moves  from 
I to  A,  then  from  A to  H,  then  approaches  to  A without  limit. 
From  these  directing  points  triangles  may  be  constructed*, 
and  transferred  to  the  plane  of  the  picture ; giving  lines 
parallel,  as  before,  to  the  minor  axes.  Such,  then,  would  have 
been  a law  observed,  if  the  mean  points  had  been  in  a right 
line. 

For,  describe  the  circles  PON,  QON.  Their  centres  aref 
C and  K.  Therefore  they  are  the  circles  PG  and  OH ; that 
is,  the  circles  OM  J with  mean  points  at  P and  O.  Now*,  since 
all  the  circles  OM  have§  their  centres  in  the  directing  line,  and 
since,  if  a centre  were  assumed  between  C and  K,  the  circum- 
ference through  O could  not  meet  XM,  no  centre  is  between 


* As  LOA,  GOA,  &c;  in  prop.  IX,  X. 

J According  to  the  construction  ol  prop.  VI. 


1 III  Eucl.  prop,  i,  37,  19. 

s lb. 
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C and  K;  and  CP  is  the  shortest  radius,  and,  when  M is 
beyond  F,  KQ  is  the  shortest;  and,  the  further  any  centre  W 
is  beyond  C,  the  more  does  its  circumference  fall  within  the 
circle  POGN  at  OIN,  and  the  more  without  it  elsewhere. 
And  the  like  beyond  K.  Therefore,  as  the  mean  point  moves 
from  the  first  M to  P,  the  circles  OM  become  smaller,  and 
cut  LR  in  points  further  beyond  A ; which  are  the  directing 
points  of  the  minor  axes  ; and  the  reverse  takes  place,  while 
the  mean  point  moves  from  P to  U,  and  so  on  to  F.  As  it 
approaches  to  F,  the  radius  of  OM  increases  without  limit. 
When  it  is  at  F,  the  arc  OM  becomes  a right  line  ; which 
passes  through  A : whence  the  minor  axis  is  * perpendicular 
to  the  intersecting  line.  While  the  mean  point  moves  from 
F to  O,  then  beyond  Q,  the  radius  of  OM  decreases  to  KO, 
then  increases  without  limit ; and  the  intersection  of  the  cir- 
cumference OM  with  LR  moves  from  A to  H,  then  approaches 
to  A without  limit. 

The  cases  of  AO  equal  to  AF  and  greater,  bear  a resem- 
blance to  the  second  and  third  cases  of  Prop.  X ; and  are  not 
perhaps  sufficiently  frequent,  in  practice,  to  justify  an  exami- 
nation here.  And,  whatever  be  the  length  of  AO,  if  any  mean 
point  fall  within  LOR,  it  is  to  be  remembered  f that  the 
directing  point  of  the  major  axis  is  then  nearer  to  A than  is 
that  of  the  minor. 

Fig.  13.  Now  let  the  centres  E,  E,  of  the  objective  circles, 
be  in  a right  line.  Let  LR  and  AO  be  as  before ; also  the 
diameters  J ST  perpendicular  to  the  directing  line ; D,  D, 
being  their  directing  points,  B that  of  the  line  through  the 

* As  also  by  Cor.  4 to  prop.  V. 

4 Prop.  IX,  last  paragraph  but  one;  and  X,  3d  case.  X As  in  prop.  IX,  X. 
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centres,  and  H that  of  the  line  through  the  points  T,  the 
nearer  extremities  of  ST.  Let  one  of  the  circles  have  its 
centre  in  the  central  line;  let  F be  its  mean  point,  and  AO  less 
than  Let  the  circles  i,  ii,  and  any  others,  be  on  the  same 
side  of  AO  with  B ; and  ix  &c,  on  the  other.  Take  any  one, 
as  circle  ii,  and  draw  TH;  also  HN,  parallel  to  DT,  cutting 
BE  in  N ; and  produce  HB  to  Q,  making  BQ  equal  to  HB. 
Then  DT  is  to  DH  as  DE  to  DB,  as  HN  or  TE  to  HB,  as 
ES  to  BQ ; whence  DT  is  to  DH  as  D5  to  DQ,  and  the 
rectangle  SDT  or  the  square  of  DM  to  QDH  as  the  square 
of  DT  to  that  of  DH,  therefore  as  that  of  HN  to  that  of  HB. 
This  is  * a property  of  the  hyperbola.  Therefore  all  the  points 
M are  in  the  curve  of  an  hyperbola,  whose  transverse  axis  is 
QH  and  conjugate  axis  equal  to  twice  HN,  that  is,  to  a diameter 
ST ; having  the  vertex  H,  and  the-f*  asymptote  BE. 

What  follows  is  an  attempt  to  make  such  approximation, 
to  some  law  or  regularity  observed  in  the  directions  of  the 
axes,  as  may  be  of  use  without  constructing  the  hyperbolic 
curve.  J 

As  to  the  remoter  circles,  it  may  often  be  sufficiently  ac- 
curate, in  practice,  to  consider  their  mean  points  as  in  a right 
line ; either  drawn  through  one  of  them,  parallel  to  BE,  or 
drawn  from  F to  the  mean  point  of  the  furthest.  So  far  as 
this  can  be  admitted,  the  theory  already  laid  down,  respecting 
mean  points  in  a right  line,  is  to  be  taken  also  as  the  law  or 
laws  observed  where  the  centres  are  so  placed.  If,  in  any 
case,  one  such  line  be  not  sufficiently  accurate  for  all  the  circles 

* T.  Newton,  prop.  VI.  f lb.  prop.  XXII. 

I The  constiuclion  of  prop.  VI  is  to  be  kept  in  mind:  referred  to  already  in 
prop.  IX,  X,  XI. 
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beyond  F (from  B),  two  such  lines  may  be  assumed,  at 
different  distances  from  BE ; the  one  nearer  to  BE  being  for 
the  remotest  circles.  As  to  mean  points  between  F and  H, 
yet  not  within  the  circle  LOR  with  the  centre  A ; find  the 
minor  axes,  each  separately,  for  as  many,  of  the  nearest  to  H, 
as  requisite.  If  any  remaining  circles  on  that  side  of  AF,  as 
ii  &c,  should  seem  better  referred  to  some  law  observed ; 
then,  with  the  centre  W equidistant  from  O and  the  M of  ii, 
describe  a circle  MOI  cutting  the  directing  line  in  I beyond 
A.  If  any  mean  point  be  within  this  circle,  the  directing  point 
of  the  minor  axis  is  beyond  I.  And,  if  any  other  objective 
circle  have  its  mean  point  U in  the  circumference  MOI,  or  if 
U in  MOI  can  be  found  as  the  mean  point  of  a circle  purposely 
added  or  supposed  (of  the  given  magnitude,andhavingitscentre 
in  BE),  then  any  mean  points  between  that  M and  U will  have 
the  directing  points  of  the  minor  axes  beyond  I.  If  how  much 
beyond  be  inquired ; the  points  P and  G may  be  found,  as 
(fig.  19)  when  the  mean  points  were  in  a right  line:  and  G 
will  be  a limit  beyond  which,  at  least,  the  directing  points 
cannot  go.  And  U will  perhaps  frequently  be  found  with 
sufficient  accuracy,  if  taken  as  the  intersection  of  the  right 
line  MF  with  MOI.  If  the  mean  point  come  to  U,  the  direct- 
ing point  returns  to  I ; and  if  the  mean  point  move  from  U to 
F,  the  directing  point  moves  from  I to  A,  Triangles  con- 
structed as  * before,  and  transferred  to  the  picture,  will  give 
lines  which  may  be  taken  as  parallel  to  the  axes;  though 
with  some  abatement  from  strict  accuracy.  But  such  is  a law, 
or  laws,  which  may  be  considered  as  observed,  when  the 
centres  are  in  a right  line. 

• As  LOA,  GOA,  &c;  in  prop.  IX,  X. 
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As  to  the  cases  of  AO  being  AF  and  greater,  and  that  of 
mean  points  within  the  circle  LOR  with  the  centre  A ; it  seems 
unnecessary  to  add  to  what  was  said  in  concluding  that  part, 
of  this  proposition,  in  which  the  mean  points  were  supposed 
to  be  in  a right  line. 

Since  the  axes  of  the  hyperbola  are  given  in  length  and 
position,  it  could  be  described.  And  its  intersections  with  the 
diameters  ST  would  give  all  the  mean  points.  Whether  this 
would  aid  the  perspective  operations  so  much  as  to  compen- 
sate for  the  labour  of  constructing  the  curve,  I leave  to  others 
to  examine. 

RICHARD  HEY. 


March  1814.  Hertingfordbury,  near  Hertford. 
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XIX.  On  new  Properties  of  light  exhibited  in  the  optical  Phe- 
nomena of  Mother  of  Pearl , and  other  Bodies  to  zvhicb  the 
superficial  structure  of  that  Substance  can  be  communicated.  By 
David  Brewster,  LL.D.  F.  R.  S . Edin.  and  F.S.A.  Edin. 
In  a Letter  addressed  to  the  Right  Hon.  Sir  Joseph  Banks, 
Bart.  K.  B.  P.  R.  S. 

Read  April  28,  1814, 

In  the  prosecution  of  my  inquiries  into  the  modifications 
impressed  upon  light  by  the  various  bodies  of  the  animal,  the 
vegetable,  and  the  mineral  kingdom,  I have  had  the  good 
fortune  to  discover  several  new  properties  of  light,  and  to 
establish  the  laws  which  regulate  the  most  remarkable  of  the 
phenomena.  A few  of  these  results  have  already  been  laid 
before  the  Royal  Society ; and  from  the  reception  which  they 
have  experienced,  I have  taken  the  liberty  of  addressing  to  you 
the  following  paper  containing  a series  of  new  facts,  remark- 
able for  their  extreme  singularity,  and  their  opposition  to 
almost  all  our  notions  of  the  action  of  bodies  upon  the  luminous 
rays.  The  extraordinary  character  which  these  experiments 
at  first  assumed,  induced  me  to  think  that  I had  overlooked 
some  source  of  deception  ; and  it  was  not  till  I had  performed 
them  under  every  variety  of  circumstances,  and  till  they  had 
been  repeated,  and  viewed  in  the  same  light  by  several  of  my 
friends,  that  I prevailed  upon  myself  to  bring  them  under  your 
notice. 

The  splendid  exhibition  of  colours  which  distinguishes 
mdcccxiv.  3 F 
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mother  of  pearl  from  every  other  substance,  and  the  succes- 
sive developement  of  fresh  tints,  by  every  gentle  inclination 
of  the  plate,  have  always  been  ascribed  to  the  lamellated 
structure  of  the  shell,  and  have  been  regarded  as  a fine  proof 
of  Newton's  theory  of  the  colours  of  natural  bodies.  This 
explanation  I had  no  disposition  to  call  in  question,  nor  did  the 
general  train  of  my  experiments  lead  me  to  such  an  inquiry. 
In  examining  the  coloured  rings  which  mother  of  pearl,  like 
the  topaz,  exhibits  by  polarised  light;  and  in  ascertaining  the 
relation  between  its  refractive  power,  and  the  angle  at  which 
it  giVes  polarity  to  the  reflected  ray,  I was  under  the  necessity 
of  grinding  and  polishing,  with  the  utmost  care,  various  plates 
of  this  substance.  The  developement  of  new  colours,  and  the 
extinction  of  others  which  took  place  during  these  processes, 
indicated  the  operation  of  some  unknown  and  extraordinary 
cause,  and  encouraged  me  to  pay  the  most  minute  attention  to 
all  the  phenomena  which  were  presented.  The  results  of  this 
investigation  I shall  endeavour  to  explain  under  the  four 
following  heads. 

I.  On  the  optical  properties  peculiar  to  mother  of  pearl. 

II.  On  the  communication  of  these  properties  to  other 
bodies. 

III.  On  the  causes  by  which  these  phenomena  are  produced. 

IV.  On  a new  species  of  polarisation  peculiar  to  mother  of 
pearl. 

I.  On  the  Optical  Properties  peculiar  to  Mother  of  Pearl . 

Mother  of  pearl  sometimes  possesses  a regular,  and  some- 
times an  irregular  structure,  and  has  a striking  resemblance 
to  the  agate,  in  the  immense  variety  of  forms  which  it  exhibits. 


in  the  Optical  Phenomena  of  Mother  of  Pearl.  399 

Sometimes  it  is  composed  of  parallel  or  concentric  laminae: 
sometimes  the  veins  are  inflected  in  various  successions,  and 
sometimes  it  exhibits  the  same  appearances  as  those  which 
constitute  what  is  called  the  hammered  agate. 

The  regularly  formed  mother  of  pearl  is  of  an  uniform 
whiteness,  somewhat  resembling  the  pearl  itself,  and,  in  day 
light,  scarcely  exhibiting  any  of  the  prismatic  colours  ; and, 
unless  it  is  expressly  mentioned,  this  is  always  the  kind  which 
I have  used  in  the  following  experiments. 

Let  AB  Fig.  1.  (PL  XIV.)  be  a plate  of  mother  of  pearl,  not 
polished,  but  having  its  two  surfaces  ground  perfectly  either 
upon  a blue  hone,  or  upon  a plate  of  glass  with  the  powder  of 
schistus,  and  let  the  light  Rrof  a candle  be  incident  at  any  angle 
on  the  point  r,  this  ray  will  be  reflected  according  to  the 
ordinary  law,  so  that  the  angle  RrC  is  equal  to  CrS,  and  the 
lines  Rr,  Cr  and  Sr  in  the  same  plane. 

If  the  eye  is  now  placed  very  close  to  the  mother  of  pearl 
at  B,  so  as  to  receive  the  reflected  rays,  it  will  perceive  at  S, 
in  the  direction  rS'  the  common  reflected  image  of  the  candle 
which  will  not  be  very  bright,  owing  to  the  roughness  of  the 
reflecting  surface.  On  the  lower  side  of  S'  at  the  distance  of 
some  degrees  there  will  also  be  seen  a highly  coloured  image 
of  the  candle  at  5,  formed  by  rays  reflected  in  the  direction  rs . 
In  this  spectrum  the  blue  rays  are  nearest  the  common 
image,  and  the  colour  is  so  great,  that  it  requires  a prism  of 
flint  glass  with  a refracting  angle  of  65  to  correct  it,  a large 
secondary  spectrum  being  left,  having  the  uncorrected  green 
towards  the  vertex  of  the  prism. 

If  the  candle  at  R is  kept  steady,  and  the  plate  AB  turned 
round  r as  a centre,  so  that  the  ray  Rr  may  preserve  the  same 

3 F 2 
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angle  of  incidence,  the  coloured  ray  rs  will  have  a motion  of 
rotation  about  rS,  the  common  section  x\B  of  the  plane  srS  and 
the  surface  of  the  mother  of  pearl  being  invariable. 

The  line  AB  may  be  called  the  axis  of  extraordinary  reflection ; 
the  extremity  A towards  which  the  coloured  ray  rs  is  reflected, 
the  primary  pole  of  extraordinary  reflection  ; srC  the  angle  of 
extraordinary  reflection ; and  srS  the  angle  of  aberration. 

If  the  ray  R r is  now  reflected  from  the  opposite  surface  of 
the  mother  of  pearl  as  represented  in  Fig.  2.  the  same  pheno- 
mena will  be  observed ; but  the  coloured  ray  rs  will  now  be 
reflected  towards  B,  and  will  be  seen  at  s'  above  the  common 
image  S',  being  formed  by  rays  reflected  in  the  direction  rs. 
The  extremity  B therefore  of  the  axis  AB  will  be  the  primary 
pole  of  extraordinary  reflection  for  the  lower  surface.  Hence 
the  two  surfaces  of  mother  of  pearl  have  always  their  poles  in 
opposite  directions,  unless  in  specimens  where  a change  of 
structure  takes  place. 

Let  the  plate  AB  be  now  brought  into  the  position  in  Fig.  1. 
where  the  plane  ^S  coincides  with  the  plane  of  ordinary  re- 
flection RrS,  and  let  it  be  placed  upon  a goniometer  so  that  we 
may  ascertain  by  measurement  the  changes  which  take  place 
by  varying  the  angle  of  incidence  RrC.  It  will  then  be  found 
that  the  angle  of  aberration  srS  regularly  increases  with  the 
angle  of  incidence.  The  variations  which  it  undergoes  are 
represented  with  tolerable  accuracy  in  the  following  table,  but 
owing  to  the  elongation  and  indistinctness  of  the  coloured 
image  at  large  angles  of  incidence,  the  measures  are  not 
susceptible  of  great  correctness.  The  first  column  contains 
the  angle  of  incidence;  the  second,  the  complement  of  that 
angle ; the  third,  the  angle  of  aberration  as  determined  by 
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experiment;  and  the  fourth,  formed  by  adding  the  2d  and  3d 
columns, contains  the  complement  of  the  angle  of  extraordinary 
reflection. 


Angle  of 
incidence. 

Complement  of  the 
angle  of  incidence. 

Observed 
angle  of 
aberration. 

Complement  of 
the  angle  of 
extraordinary 
reflection. 

Calculated 
angle  of 
aberration. 

86° — 40' 

3°—  20' 

9° — H' 

1 2°  34' 

90—  26' 

85 

5 

8-46 

J3  — 46 

8 - 38 

82  — 30 

7-3° 

7-58 

15  — 28 

7-41 

80 

10 

7 — 12 

17  — 12 

6 - 55 

75 

J5 

5 —50 

20  — 50 

5 - 52 

70 

20 

5 - 0 

25  — O 

4-56 

65 

25 

4-9 

29-9 

4-17 

60 

30 

3 - 45 

33  - 45 

3 — 44 

55 

35 

3 - 25 

38  _ 25 

3 — 20 

5° 

40 

3 “ 9 

43-9 

3 - 1 

45 

45 

2 - 53 

47  — 53 

2 — 48 

40 

50 

2 - 35 

52  - 35 

2-37 

35 

55 

2—3° 

57  - 3° 

2 — 28 

3° 

60 

2 - 25 

62  — 25 

2 — 21 

25 

65 

2 — 17 

67  — 17 

2 — 15 

20 

70 

2 _ 13 

72  — 13 

2-9 

12 

78 

2-7 

80  — 7 

2—7 

f RrC  rz  SrC 

A ~ SrB  = R rA 

x — srS 

A -f  .r  — srB 

X 

If  we  now  compare  the  angles  of  aberration  in  the  third 
column  with  the  angles  of  extraordinary  reflection  in  the 
fourth  column,  and  make 

A =RrA  = SrB  the  complement  of  the  angle  of  incidence 
or  ordinary  reflection. 

x — srS  the  angle  of  aberration. 

A + x 5/'B  the  complement  of  the  angle  of  extraordinary 
reflection,  it  will  be  found  that 

sin.  x : sin.  x'  = sin.  A'  -j-  x> : s^n-  A + x 
That  is,  the  sines  of  the  angles  of  aberration  are  to  one  another 
inversely,  as  the  sines  of  the  complements  of  the  angles  of 
extraordinary  reflection. 
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Assuming  the  numbers  in  columns  3d  and  4th,  I have  upon 
this  principle  computed  those  in  the  5th,  which  are  the  cal- 
culated angles  of  aberration,  and  which  agree  very  strikingly 
with  the  observed  angles. 

If  we  now  turn  round  the  mother  of  pearl  1800  so  that  the 
pole  A may  be  brought  into  the  position  of  B,  the  ray  rs  will 
be  reflected  towards  the  pole  A,  fig.  2.  and  the  complement  of 
the  angle  of  extraordinary  reflection  will  be  equal  to  the  dif- 
ference between  the  angle  of  aberration  and  the  complement 
of  the  angle  of  ordinary  reflection.  In  this  case  we  shall 
obtain  the  results  given  in  the  following  table. 


Angles  of 
incidence 

Complement 
of  the  angle 
of  incidence. 

' 

Observed 
angle  of 
aberration. 

Complement  of 
the  angle  of 
extraordinary 
reflection. 

Calculated 
angle  of 
aberration. 

60® 

30® 

4°-  30' 

25°_  30' 

4°—  33' 

55 

35 

4-37 

31  - 23 

3 - 46 

5° 

40 

3 - 11 

36  - 49 

3 — 16 

45 

45 

2-57 

42—3 

2—56 

40 

50 

2 — 38 

47  - 22 

2 — 40 

3° 

60 

2—16 

57  - 44 

2 — 19 

20 

70 

2—7 

67  - 53 

2-7 

A 

X 

A — x 

X 

By  comparing  the  observed  angles  of  aberration  with  the 
complements  of  the  angles  of  extraordinary  reflection,  we  shall 
find  that 

sin.  x : sin.  x'=  sin.  A'  — x' : sin.  A — x 
which  indicates  the  same  relation  as  formerly  between  the 
angles  of  aberration  and  extraordinary  reflection.  Upon  this 
principle  I have  computed  the  numbers  in  the  5th  column 
which  agree  very  well  with  the  observed  angles. 

While  the  primary  pole  A is  describing  a semicircle  round 
r till  it  reaches  B,  and  another  semicircle  from  B to  A again, 
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a point  s in  the  extraordinary  ray  rs  will  describe  a curve 
rounds  composed  of  two  semiellipseshaving  the  same  conjugate 
axis,  but  having  their  semitransverse  axes  of  different  lengths. 
I hus,  in  fig.  3,  if  S be  a point  in  the  reflected  ray  rS  ( fig.  2), 
and  S s,  SN,  St,  SM,  different  values  of  the  angles  of  aberration 
when  tne  pole  A is  in  the  directions  Ss,  SN,  &c. ; then  the 
point  s will  describe  the  semiellipse  MsN,  and  the  semiellipse 
M/N  which  have  their  conjugate  axis  MN  common,  and  their 
semitransverse  axes  S s,  St  of  unequal  lengths.  The  conjugate 
axis  MN  is  a constant  quantity,  while  Ss,  St  vary  according  to 
the  law  already  mentioned.  At  different  angles  of  incidence, 
therefore,  the  point  s will  describe  other  curves  such  as  M/N£, 
which  approach  to  a circle  as  the  angle  of  incidence  dimi- 
nishes. 

The  angles  of  aberration  vary  in  different  pieces  of  mother 
of  pearl,  but  there  is  no  deviation  from  the  laws  which  have 
just  been  explained. 

On  the  outside  of  the  extraordinary  ray  rs,  fig.  1,  a mass  of 
coloured  light  rp  makes  its  appearance  nearly  at  the  same 
distance  from  the  extraordinary  image,  that  the  extraordinary 
image  is  from  the  common  image:  these  three  images  are 
always  in  a straight  line,  but  the  angle  of  aberration  of  the 
mass  of  coloured  light  varies  according  to  a law  different  from 
that  of  the  extraordinary  ray.  At  great  angles  of  incidence, 
this  mass  of  light  is  of  a beautiful  crimson  colour.  At  an  angle 
of  about  370  it  becomes  green,  and  at  less  angles  of  incidence 
it  acquires  a yellow  hue,  approaching  to  white,  and  becomes 
very  luminous.  These  colours  which  become  more  brilliant 
when  the  mother  of  pearl  is  polished,  vary  with  the  thickness 
of  the  plate. 
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The  fracture  of  mother  of  pearl  always  reflects  the  extra- 
ordinary ray  rs,  as  if  the  surface  of  the  fracture  were  parallel 
to  the  real  surface ; but  when  the  fracture  is  ground  flat,  no 
extraordinary  reflection  takes  place. 

When  the  extraordinary  ray  rs  is  reflected  from  another 
piece  of  mother  of  pearl,  it  experiences,  as  might  have  been 
expected,  both  an  ordinary  and  an  extraordinary  reflection.  In 
virtue  of  the  ordinary  reflection,  an  image  is  formed  exactly 
like  the  extraordinary  image,  but  in  virtue  of  the  extraordi- 
nary reflection  the  highly  coloured  image  is  sometimes  ren- 
dered more  highly  coloured,  and  at  other  times  converted 
into  a greenish  white  image,  according  as  the  second  reflection 
conspires  with  or  opposes  the  first. 

Hitherto  we  have  attended  to  the  phenomena  only  when 
the  surface  is  rough  and  unpolished.  When  a slight  degree 
of  polish,  however,  is  communicated  to  it,  a new  coloured 
image  appears  on  the  opposite  side  of  the  common  image 
formed  by  the  rays  rt,  fig.  1 and  2.  This  new  image  resembles 
in  every  respect  the  other  coloured  image,  and  follows  the 
same  laws  ; and  after  a high  degree  of  polish  is  induced  upon 
the  mother  of  pearl,  it  is  almost  as  bright  as  the  first  coloured 
image  which  has  its  brilliancy  somewhat  impaired  by  polish- 
ing. If  the  polish  is  removed  by  grinding,  the  second  coloured 
image  vanishes,  and  the  first  resumes  its  former  brilliancy. 
As  this  second  image  is  reflected  towards  the  pole  Ain  fig.  1. 
and  the  pole  B in  fig.  2,  they  may  be  called  the  secondary  poles 
of  extraordinary  reflection. 

, If  we  now  examine  the  light  transmitted  by  the  mother  of 
pearl,  we  shall  perceive  phenomena  analogous  to  those  which 
have  been  described.  A coloured  image  will  appear  on  each 
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side  of  the  common  image,  having  the  same  angles  of  aber- 
ration as  those  seen  by  reflection,  and  resembling  them  in 
every  respect,  the  blue  light  being  nearest  the  co  nmon  image, 
and  the  red  light  farthest  from  it.  These  two  images,  how- 
ever, are  usually  fainter  than  those  seen  by  reflection,  and 
when  the  second  extraordinary  reflected  image  is  extinguished 
by  removing  the  polish,  it  is  then  the  most  brilliant  when  seen 
by  transmission,  and  in  general  the  image  which  is  brightest 
by  reflection  is  faintest  by  transmission. 

In  some  irregularly  formed  pieces  of  mother  of  pearl  which 
are  ground  very  thin,  and  in  which  the  axes  of  extraordinary 
reflection  for  the  two  surfaces  are  not  coincident,  four  coloured 
images  are  seen  by  transmission.  Two  of  them  are  produced 
by  each  surface,  and  the  line  which  joins  the  two  images 
formed  by  the  same  surface,  always  coincides  with  its  axis  of 
extraordinary  reflection.  It  is  also  deserving  of  notice,  that 
the  transmitted  extraordinary  ray  is  bent  towards  the  same 
pole  as  the  extraordinary  reflected  ray  to  which  it  belongs. 

Like  all  other  bodies,  mother  of  pearl  polarises  light  by 
reflection,  and  the  angle  at  which  the  quantity  of  polarised 
light  is  a maximum,  is  about  590.  The  two  extraordinary 
images  are  also  polarised  at  the  same  angle,  but  the  mass  of 
green  and  crimson  light  exhibits  no  marks  of  polarity.  This 
substance  has  also  the  property  of  depolarising  light  in  every 
position  like  horn,  tortoise  shell,  caoutchouc,  and  gum  Arabic; 
and  it  exhibits  by  polarised  light  those  brilliantly  coloured 
rings,  which  I have  described  in  a former  paper,  as  produced 
by  topaz  and  other  bodies. 
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II.  On  the  communication  of  the  properties  of  Mother  of  Pearl  to 

other  bodies. 

The  phenomena  which  have  now  been  described  must  be 
admitted  to  be  very  singular  and  instructive,  even  if  the  in- 
quiry had  been  pushed  no  farther;  and  it  is  probable  that 
philosophers  would  have  contented  themselves  with  ascribing 
them  to  reflections  from  differently  inclined  planes  in  the  in- 
terior of  the  mother  of  pearl. 

In  order  to  measure  the  angles  contained  in  the  preceding 
tables,  I had  occasion  to  fix  the  mother  of  pearl  to  a gonio- 
meter by  a hard  cement.  Upon  removing  it  from  the  cement, 
the  plate  left  a clean  impression  of  its  own  surface,  and  I was 
surprised  to  observe  that  the  cement  had  by  this  means  re- 
ceived the  property  of  producing  the  colours  which  were  ex- 
hibited by  the  mother  of  pearl.  This  strange  result  I at  first 
attributed  to  a thin  film  detached  from  the  plate,  but  subse- 
quent experiments  soon  convinced  me  that  this  was  a mistake, 
and  that  the  mother  of  pearl  really  communicated  to  the 
cement  the  properties  which  it  possessed. 

I have  also  succeeded  in  imparting  the  same  faculty  of  pro- 
ducing colour  to  black  and  red  wax,  balsam  of  Tolu,  gum 
Arabic,  gold  leaf  placed  upon  wax,  tinfoil,  the  fusible  metal 
composed  of  bismuth  and  mercury,  and  to  lead  by  hard  pres- 
sure, or  by  the  blow  of  a hammer.  When  the  impression  is 
first  made  upon  the  fusible  metal,  the  play  of  colours  is  sin- 
gularly fine,  but  the  action  of  the  air  corrodes  the  metal,  and 
speedily  destroys  the  configuration,  as  well  as  the  polish  of  its 
surface.  The  same  effect  was  produced  when  the  metal  was 
immersed  in  oil. 
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In  order  to  shew  that  in  these  cases  no  part  of  the  mother 
of  pearl  is  detached,  I plunged  the  wax,  after  it  had  received 
the  impression,  into  nitric  acid,  which  had  no  effect  either  in 
destroying  or  diminishing  the  colorific  property  of  the  sur- 
face. In  soft  cements  made  of  bees'  wax  and  rosin,  the 
slightest  degree  of  heat  destroyed  the  superficial  configura- 
tion by  which  the  colour  is  produced.  In  sealing  wax,  gum 
Arabic  and  realgar,  a much  greater  heat  was  requisite  to  re- 
move the  colour;  and  in  tinfoil  and  lead  this  could  only  be 
effected  by  the  temperature  at  which  they  cease  to  become 
solid. 

Let  us  now  examine  more  minutely  the  phenomena  which 
present  themselves  when  the  light  is  reflected  from  the  sur- 
face of  wax;  and  let  us  suppose  that  the  impression  upon  the 
wax  is  made  by  the  lower  surface,  when  rough,  of  the  mother 
of  pearl,  as  represented  in  fig.  2,  where  B is  its  primary,  and 
A its  secondary  pole.  When  the  light  Rr  of  a candle  is  re- 
flected from  the  surface  of  wax  AB,  fig.  3,  the  extraordinary 
image,  instead  of  being  reflected  towards  the  primary  pole  B 
as  in  fig.  2,  is  reflected  from  it,  and  A is  the  primary  pole  of 
the  wax,  whereas  B was  the  primary  pole  of  the  mother  of 
pearl.  By  polishing  the  mother  of  pearl,  and  taking  a new 
impression  from  it,  the  wax  will  now  reflect  the  other  extra- 
ordinary image  in  the  direction  rt,  and  therefore  B is  the  se- 
condary pole  of  the  wax.  Hence  it  follows  that  mother  of  pearl 
communicates  to  wax  and  other  bodies  the  optical  properties  of  the 
surface  opposite  to  that  from  which  the  impression  is  taken. 

At  different  angles  of  incidence  the  two  coloured  images 
formed  by  the  wax  follow  the  same  laws  as  those  produced 
by  the  mother  of  pearl ; but  the  mass  of  green  and  crimson 

3 G 2 


408  Dr.  Brewster  on  new  Properties  of  light  exhibited 

light  never  appears,  and  is  therefore  caused  by  some  internal 
structure  which  cannot  be  communicated  to  other  bodies. 
When  an  impression  is  taken  from  the  fracture  of  mother  of 
pearl,  its  faculty  of  producing  colour  is  also  communicated. 

In  imparting  to  gum  Arabic  and  balsam  of  Tolu,  the  super- 
ficial configuration  of  mother  of  pearl,  we  are  enabled,  on 
account  of  their  transparency,  to  observe  the  changes  induced 
upon  the  transmitted  light.  The  extraordinary  images  formed 
by  reflection  were  both  visible,  the  primary  one  being  re- 
markably brilliant,  and  the  secondary  one  scarcely  perceptible ; 
but  when  the  light  was  transmitted  through  the  gum  the 
primary  image  was  nearly  extinct,  while  the  secondary  one 
was  unusually  brilliant  and  highly  coloured,  far  surpassing  in 
splendour  those  which  are  formed  by  transmission  through 
the  mother  of  pearl  itself.  When  both  the  surfaces  of  gum 
Arabic  are  impressed  with  mother  of  pearl,  four  images  are 
seen.  The  colours  seen  by  transmission  are  more  brilliant  in 
the  gum  than  in  the  balsam,  as  the  latter  has  the  greatest 
reflective  power ; but  the  coloured  images  produced  by  re- 
flection do  not  seem  to  have  suffered  a greater  dispersion, 
when  they  are  formed  by  the  metals,  than  when  they  are 
formed  by  cements. 

When  the  impression  is  taken  from  a pearl,  the  wax  re- 
ceives a character  similar  to  that  which  is  possessed  by  the 
pearl.  The  image  reflected  from  the  surface  of  the  pearl  is 
enveloped  in  a quantity  of  unformed  light,  arising  from  a cause 
which  will  afterwards  be  explained;  and  the  very  same  white 
nebulosity  is  reflected  from  the  wax. 
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III.  On  the  causes  of  the  Phenomena  of  Mother  of  Pearl. 

From  a careful  examination  of  the  preceding  facts,  we  must 
now  be  prepared  to  infer,  that  all  the  peculiar  phenomena  of 
mother  of  pearl,  as  seen  by  reflection  and  transmission,  are 
owing  to  a particular  configuration  of  su  face ; that  the  communi- 
cation of  these  properties  to  other  bodies,  is  the  necessa/y  consequence 
of  the  communication  of  its  superficial  structure ; and  that  none  of 
the  light  which  is  concerned  in  the  production  of  these  phenomena , 
has  penetrated  the  surface  of  the  mother  of  pearl. 

What  this  configuration  of  surface  is,  and  in  what  manner  it 
generates  the  coloured  images,  are  points  of  high  interest,  and 
of  corresponding  difficulty.  The  facts  naturally  lead  us  to 
conjecture,  that  the  extraordinary  reflections  are  produced  by 
faces,  either  curved  or  rectilineal,  slightly  inclined  to  the 
general  surface  of  the  mother  of  pearl.  In  attempting  to 
determine  this  point,  I anticipated  no  assistance  from  micro- 
scopical observations,  as  it  was  contrary  to  all  our  notions 
of  the  action  of  bodies  upon  light,  to  imagine  that  a plate  of 
mother  of  pearl  reflecting  an  image  as  perfectly  as  the  mirror 
of  a telescope,  could  exhibit  to  the  human  eye  any  superficial 
irregularities.  These  anticipations  however  were  wholly 
erroneous.  By  the  application  of  single  microscopes  with 
powers  of  200,  300,  and  even  400, 1 have  discovered  in  almost 
every  specimen  of  mother  of  pearl,  an  elementary  grooved 
surface,  which  no  polishing  can  modify  or  remove.  This 
structure  resembles  very  closely  the  delicate  texture  of  the 
skin  at  the  top  of  an  infant's  finger;  or  the  lines  parallel  to 
the  coast  upon  a map,  by  which  the  engraver  marks  the  limits 
of  the  sea  and  land.  When  the  mother  of  pearl  has  a regular 
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structure,  these  grooves  or  lines  are  always  parallel,  but  when 
there  is  any  irregularity  of  configuration,  the  grooves  vary 
their  direction,  and  are  arranged  in  all  possible  forms  like  the 
veins  of  agate,  or  like  the  lines  upon  the  coast  of  a map,  where 
there  are  numerous  inlets  and  islands  to  be  represented. 

Sometimes  the  spaces  between  the  grooves  are  so  wide,  that 
they  can  be  seen  with  a magnifying  power  of  six  or  eight  times, 
and  in  one  or  two  specimens  I have  observed  them  with  the 
naked  eye.  At  some  parts  of  the  surface  the  distance  between 
the  grooves  is  so  small,  that  I have  counted  more  than  3000  in 
an  inch ; and  in  some  pieces  they  can  scarcely  be  detected 
with  any  magnifying  power  which  I have  been  able  to  apply. 
When  the  space  between  the  grooves  is  large,  a new  groove 
often  commences,  and  there  is  frequently  a sudden  change 
from  a space  with  a series  of  distant  grooves,  to  another  space 
with  a series  of  very  close  ones.  Similar  appearances  were 
also  seen  in  the  structure  of  pearls.  When  the  mother  of  pearl 
is  scratched  or  indented,  the  bottom  and  the  sides  of  the  scratch 
are  grooved  exactly  like  the  parts  that  are  polished.  The 
same  grooved  structure  is  likewise  distinctly  seen  in  wax,  gum 
Arabic,  and  the  metals,  after  they  have  received  the  impression 
of  the  mother  of  pearl. 

In  every  case  the  grooves  are  at  right  angles  to  the  axis  of 
extraordinary  reflection,  and  hence  in  irregularly  formed  mother 
of  pearl,  where  the  grooves  are  often  circular,  and  have  every 
possible  direction,  the  axes  of  extraordinary  reflection  have 
also  every  possible  direction,  and  the  coloured  images  appear 
irregularly  scattered  round  the  ordinary  image.  In  the  real 
pearl,  these  coloured  images  are  crowded  into  a small  space 
round  the  common  image,  on  account  of  the  spherical  form  of 
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the  pearl,  and  the  various  hues  are  thus  blended  into  a white 
unformed  light,  which  gives  to  this  substance  its  high  value 
as  an  ornament. 

Having  thus  ascertained  that  the  surface  of  mother  of  pearl 
is  actually  grooved,  and  different  in  this  respect  from  all  other 
bodies  that  have  yet  been  examined,  we  must  now  seek,  in  this 
peculiarity  of  structure,  the  cause  of  its  optical  properties. 
The  facts  which  have  been  detailed  in  the  beginning  of  this 
letter  will  enable  us  to  draw  several  important  conclusions  of 
a general  nature,  but  they  leave  us  in  the  dark  respecting  the 
immediate  cause  of  the  phenomena. 

Let  us  now  suppose  that  fig.  5.  represents  a section  of  a 
plate  of  mother  of  pearl,  having  AanmbcB  for  its  upper  sur- 
face, and  B'a'n' m'b'c' A'  for  its  lower  surface.  Let  OP  be  the 
line  at  which  the  attracting  or  refractive  force  ends,  and  where 
the  repulsive  or  reflecting  force  begins,  and  let  the  reflecting 
force  terminate  at  MN  according  to  the  Newtonian  theory. 
We  have  already  seen  that  when  the  surface  AB  of  the  mother 
of  pearl  is  ground  as  flat  as  possible,  and  brought  to  a high 
polish,  the  light  which  is  incident  on  the  repulsive  stratum 
MNOP  is  reflected  as  in  all  other  bodies,  and  affords  a 
perfect  image  of  the  object  from  which  it  radiates.  Hence  it 
follows  that  the  light  which  forms  the  extraordinary  images 
has  escaped  reflection,  and  penetrated  the  attractive  stratum 
OP;  and  that  its  separation  into  colours  and  extraordinary 
reflection  are  produced  by  one  or  more  causes  residing  between 
OP  and  the  surface  AB  of  the  mother  of  pearl. 

Let  us  first  attend  to  the  aberration  of  the  extraordinary 
images.  Since  the  real  surface  of  AB  is  composed  of  faces 
inclined  to  the  general  surface  AbcB,  we  are  led  to  suppose 
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that  the  primary  extraordinary  image  is  reflected  from  the 
face  m,  while  the  secondary  extraordinary  image  is  reflected 
from  the  face  n.  Now  this  could  only  happen  from  two  causes, 
either  in  consequence  of  the  mother  of  pearl  having  a repul- 
sive force  different  from  the  ordinary  repulsive  force  which 
produces  reflection ; or  from  its  possessing  the  power  of 
reflecting  light  from  its  actual  surface.  That  this  extraordi- 
nary force  is,  in  other  respects  like  the  ordinary  reflecting 
force,  is  manifest  from  a portion  of  the  extraordinary  pencil 
being  transmitted,  while  the  other  portion  suffers  reflection. 
The  existence  of  such  a force  being  unquestionable,  we  have 
next  to  consider  the  form  and  position  of  the  surfaces  to  which 
it  belongs.  The  changes  in  the  angle  of  aberration  at  different 
angles  of  incidence,  is  a proof  that  the  surfaces  m , n , present 
different  inclinations  to  the  incident  ray ; and  hence  their  form 
must  becurvilineal,  as  represented  by  the  dotted  lines  above  m 
and  n.  If  we  suppose  that  the  ray  has  been  refracted  before 
it  experiences  the  extraordinary  reflection,  the  angles  of 
aberration  still  require  that  the  faces  have  a curved  form. 

Taking  the  index  of  refraction  m = 1 .653  and  making  A == 
angle  of  incidence  ; a =r=  angle  of  refraction,  and  consequently 
the  new  angle  of  incidence  upon  the  faces  m,  or  n ; b — angle 
of  extraordinary  reflection,  and  %—  the  inclination  of  the 
reflecting  face  m or  n,  then  we  shall  have 

. sin.  A , a 4-  b b — a 

sin.  a = and  % — — 1 — — a = 

m 22 

By  calculating  the  value  of  % for  different  angles  of  incidence, 
we  obtain  the  following  results: 
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Angles  of  incidence.  Inclination  of  the  faces  in  or  n. 
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But  since  the  refraction  cannot  be  completed  when  the  ray 
reaches  the  surfaces  m or  ;z,  having  passed  through  only  half 
the  space  of  refracting  activity,  let  us  suppose  the  value  of  m 
corresponding  to  the  partial  refraction  to  be  1.300,  and  we 
shall  have  the  following  values  of  % : 

Angles  of  incidence.  Inclination  of  the  faces  m,  n. 
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If  the  light,  therefore,  suffers  either  a total  or  a partial  refrac- 
tion, or  if  it  surfers  no  refraction  at  all,  the  extraordinary 
reflection  must  be  made  from  faces  of  variable  curvature. 

The  most  unaccountable  circumstance,  however, accompany- 
ing the  extraordinary  reflection,  is  the  difference  of  effect 
produced  upon  the  surfaces  m and  n by  removing  the  polish. 
The  surface  m retains  its  power  of  reflecting  the  primary 
extraordinary  image,  notwithstanding  the  roughness  which  is 
thus  superinduced,  while  the  surface  n loses  the  power  of 
reflecting  the  secondary  image,  and  acquires  the  faculty  of 
transmitting  the  whole  of  the  coloured  pencil  which  composes 
it.  The  force  therefore  which  reflects  the  primary  extraordinary 
image  would  appear  to  be  different  from  that  which  reflects 
the  secondary  extraordinary  image,  the  latter  being  wholly 
dependant  on  the  smoothness  of  the  surface. 
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Hitherto  we  have  avoided  all  consideration  of  the  cause 
which  separates  the  extraordinary  pencils  into  their  component 
colours,  nor  can  we  pretend  to  afford  even  a plausible  con- 
jecture respecting  their  origin.  It  is  quite  obvious  that  the 
separation  into  colours  is  produced  before  the  pencil  suffers 
extraordinary  reflection,  and  as  the  transmitted  colours  are  not 
complementary  to  those  which  are  reflected,  it  is  equally 
manifest  that  the  phenomenon  has  no  connection  with  the 
colours  of  thin  plates.  If  the  spectra  were  produced  by  the 
ordinary  dispersive  force  of  the  body,  then  the  dispersion  ought 
to  be  least  in  gum  Arabic,  greater  in  wax,  and  still  greater  in 
realgar  and  the  metals,  whereas  in  all  these  cases  the  quantity 
of  colour  appears  to  be  the  same.  The  extraordinary  spectra 
have  no  resemblance  whatever  to  those  which  are  the  effect 
of  inflexion  ; and  even  if  we  could  suppose  that  the  light  was 
inflected  by  the  grooves,  the  cause  would  be  inadequate  to 
explain  the  continuance  of  the  colour  when  the  plane  of  inci- 
dence coincides  with  the  direction  of  the  grooves,  and  when 
there  are  manifestly  no  angles  to  bend  the  passing  light. 

But  whatever  be  the  cause  of  the  phenomena  of  mother  of 
pearl,  the  facts  themselves  are  peculiarly  instructive,  and 
naturally  lead  us  to  the  following  conclusions. 

1.  Besides  the  ordinary  forces  which  reflect  and  refract 
light,  there  reside  without  the  surface  of  mother  of  pearl,  and 
of  all  bodies  to  which  its  superficial  configuration  can  be 
imparted,  new  forces  which  reflect  light,  and  separate  it  into 
its  component  colours. 

2.  The  lines  which  bound  the  space  of  reflecting  activity  in 
all  surfaces  which  possess  this  configuration,  are  straight,  and 
are  not  parallel  to  the  grooved  structure  of  the  surface.  Hence 
a surface  which  appears,  even  to  the  unassisted  eye,  to  be  full 
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of  eminences  and  depressions,  is  capable  of  reflecting  light 
with  perfect  accuracy. 

3.  Since  a particular  configuration  of  surface,  independent 
of  chemical  composition  and  crystalline  structure,  is  capable 
of  producing  the  most  brilliant  colours,  may  not  the  colours 
of  all  natural  bodies  be  owing  to  the  arrangement  of  their 
superficial  particles  ; and  may  not  the  changes  which  these 
colours  undergo  by  the  action  of  light,  heat,  and  atmospheri- 
cal causes,  arise  from  a corresponding  change  in  their  super- 
ficial structure  ? — I have  endeavoured  to  communicate  to  wax 
the  faculty  of  producing  colour  possessed  by  Labrador  spar, 
the  metallic  oxides,  and  various  other  bodies ; but  though  I 
have  not  succeeded  in  this  attempt,  it  by  no  means  follows 
that  the  colour  is  not  produced  by  the  configuration  of  the 
surface.  The  structure  mav  in  these  cases  be  so  minute,  that 
fluid  wax  cannot  be  forced  into  the  grooves  or  depressions; 
and  we  have  an  approach  to  this  delicacy  of  conformation  in 
some  specimens  of  mother  of  pearl,  where  the  grooves  cannot 
be  seen  by  the  most  powerful  microscopes. 

4.  Since  a particular  structure  of  surface  is  always  accompa- 
nied with  a new  repulsive  force,  residing  nearer  the  body 
than  the  common  repulsive  force  which  produces  ordinary 
reflection,  may  there  not  reside  also,  near  the  surface  of  all 
crystallised  bodies,  a new  refractive  force  which  produces 
double  refraction?  And  is  not  this  supposition  countenanced  by 
the  fact,  that  the  extraordinary  pencil  formed  by  Iceland  spar 
suffers  the  ordinary  as  well  as  the  extraordinary  refraction  ? 

I shall  now  conclude  this  section  with  a few  remarks  on 
the  crimson  and  green  light  which  always  accompanies  the 
primary  coloured  image.  This  mass  of  light  is  never  pro- 
duced by  the  wax,  and  as  it  appears,  even  when  the  rays  are 
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incident  upon  the  mother  of  pearl  from  a fluid  of  the  same 
refractive  power,  it  is  evidently  unconnected  with  the  form  of 
surface.  These  masses  of  colour  appear  to  have  the  same  ori- 
gin as  the  colours  of  thin  plates  described  by  Newton.  Even 
when  the  angle  of  incidence  is  the  same,  the  crimson  light 
appears  at  one  thickness  of  the  mother  of  pearl  and  the  green 
at  a less  thickness,  and  the  transmitted  light  consists  of  coiours 
complementary  to  those  of  the  reflected  light.  We  are  there- 
fore, in  this  case,  presented  with  phenomena  almost  exactly 
the  same  as  those  of  thin  plates,  though  produced  by  plates 
of  mother  of  pearl  of  considerable  thickness  ; — a subject  which 
is  well  deserving  of  more  attentive  examination. 

IV.  On  a nezv  Species  of  polarisation  peculiar  to  Mother  of  Pearl. 

Having  seen,  in  the  course  of  the  preceding  experiments, 
so  many  deviations  from  the  ordinary  laws  of  optics,  I sus- 
pected that  mother  of  pearl  might  exhibit  similar  anomalies  in 
the  polarisation  of  light.  This  conjecture  was  immediately 
confirmed  by  the  discovery  of  a remarkable  property,  which 
forms  the  connecting  link  between  the  phenomena  of  polari- 
sation, as  effected  by  crystallised  and  uncrvstallised  bodies. 

In  all  doubly  refracting  crystals  the  opposite  polarisation  of 
the  two  images  is  invariably  related  to  some  axis  or  fixed  line 
in  the  primitive  form  ; while  in  all  uncrystallised  bodies  the 
polarisation  is  related  to  the  planes  of  reflection  and  refraction, 
the  reflected  pencil  being  always  polarised  in  an  opposite 
manner  to  the  refracting  pencil.  Thus,  if  AB,  fig.  6 , be  a 
plate  of  glass,  and  Rr  a ray  incident  upon  it  at  the  polarising 
angle,  the  reflected  ray  rS  will  be  polarised  in  the  same  man- 
ner as  one  of  the  pencils  formed  by  calcareous  spar,  and  a 
small  portion  of  the  transmitted  ray  rf  will  aiso  be  polarised, 
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but  in  a manner  opposite  to  rS  like  the  other  pencil  in  calca- 
reous spar:  or  if  the  ray  Rr  is  transmitted  through  a bundle 
of  glass  plates,  the  whole  of  the  pencil  rT  will  be  polarised 
in  that  manner. 

If  we  now  suppose  AB  a single  plate  of  mother  of  pearl 
about  one-fortieth  of  an  inch  thick,  and  the  angle  of  incidence 
R'C  about  6’o°,  the  reflected  ray  rS  will  be  polarised  as  in 
every  other  transparent  body;  but  the  transmitted  ray  rT  will 
be  wholly  polarised,  and  in  the  same  manner  as  the  refected  ray 
rS,  while  in  every  other  transparent  body  that  has  been  exa- 
mined the  ray  rT  possesses  an  opposite  kind  of  polarisation. 
If  we  turn  the  plate  AB  round  its  centre  r,  so  as  to  preserve 
its  inclination  to  the  incident  ray  Rr,  no  change  whatever  takes 
place,  the  transmitted  ray  still  retaining  its  former  polarity. 

The  angle  of  incidence  RrC,  at  which  the  transmitted  light 
rT  is  wholly  polarised,  varies  in  the  inverse  ratio  of  the  thick- 
ness of  the  plate  AB,  and  the  whole  pencil  is  polarised  at  any 
angle  greater  than  that  angle.  The  relation  between  the 
angle  of  polarisation  and  the  thickness  of  the  plate  remains  to 
be  determined;  though  I suspect  it  will  be  found  that  the  tan- 
gents of  the  angles  of  incidence  at  which  the  whole  of  the 
pencil  is  polarised,  are  inversely  as  the  thickness  of  the  plates. 

The  phenomena  which  I have  now  described,  I have  ob- 
served in  every  piece  of  mother  of  pearl  that  I have  tried ; 
and  as  they  are  not  affected  when  the  incident  pencil  is 
refracted  from  balsam  of  Tolu,  or  any  other  cement,  into  the 
mother  of  pearl,  they  are  obviously  unconnected  with  its  su- 
perficial configuration.  Ivory  does  not  produce  the  same  effect 
upon  light. 

From  these  results  the  following  conclusions  are  clearly 
deducible. 
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1.  That  mother  of  pearl  polarises  light  in  a manner  differ- 
ent from  all  crystallised  bodies , the  polarisation  having  no  re- 
ference to  any  fixed  line  in  the  plate. 

2.  That  mother  of  pearl  polarises  light  in  a manner  differ- 
ent from  all  uncrystallised  bodies , the  transmitted  pencil  being 
wholly  polarised  by  a single  plate,  and  in  the  same  manner 
with  the  reflected  pencil. 

3.  That  if  mother  of  pearl  polarises  light  in  virtue  of  its 
laminated  structure,  the  laminae  themselves  must  have  the 
property  of  polarising  light  in  a manner  opposite  to  ali  other 
bodies. 

I have  thus  endeavoured  to  explain,  as  briefly  as  possible, 
the  various  phenomena  exhibited  by  mother  of  pearl  in  its 
action  upon  light.  The  subject,  however,  is  far  from  being 
exhausted  : it  still  presents  many  points  of  interesting  inquiry; 
and  if  the  investigation  could  be  carried  on  with  the  aid  of 
analogous  phenomena,  we  might  confidently  look  forward  to 
some  great  change  in  the  fundamental  principles  of  physical 
optics.* 

I have  the  honour  to  be,  Sir, 
your  most  obedient  and  humble  servant, 

DAVID  BREWSTER. 

Edinburgh,  February  28th,  1814. 

To  the  Right  Hon.  Sir  Joseph  Banks,  Bart.  K.  B.  P.  R,  S.  &c.  &c.  See. 

• Since  this  paper  was  written  I have  made  a variety  of  additional  experiments  on 
the  superficial  and  communicable  colours  of  Mother  of  Pearl  and  other  bodies.  An 
account  of  these  experiments,  and  an  explanation  of  the  phenomena  contained  in  Sect. 
IV.  of  the  preceding  letter,  will  form  the  subject  of  another  communication. 
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XX.  An  improved  method  oj  dividing  Astronomical  Circles  and 
other  Instruments . By  Capt.  Henry  Kater.  Communicated 
by  Thomas  Young,  M.  D.  For.  Sec.  R.  S. 


Read  May  5,  1814. 

The  art  of  dividing  astronomical  circles  and  other  instru- 
ments for  taking  angles,  has  ever  been  thought  highly 
important  to  the  improvement  of  astronomy  and  geography, 
and  has  consequently,  at  different  periods,  formed  a subject  of 
much  attention  and  inquiry.  The  method  of  dividing,  which 
until  very  lately  was  in  general  use,  was  that  practised  so 
successfully  by  the  late  Mr.  Bird  ; but  the  laborious  and 
delicate  operation  by  the  scale  and  beam  compasses,  has 
recently  been  superseded  by  the  invention  of  Mr.  Troughton, 
of  the  excellency  of  which  the  mural  circle  at  the  Royal 
Observatory  at  Greenwich  affords  a noble  proof.  But  this 
method,  though  decidedly  superior  to  Mr.  Bird’s,  seems  yet 
to  leave  somewhat  more  to  be  done  with  respect  to  simplicity 
and  facility  of  execution ; and  it  is  with  the  hope  of  having  in 
some  measure  attained  these  desirable  objects,  that  I am 
induced  to  lay  before  the  Royal  Society  a mode  of  dividing, 
which,  I am  led  to  believe,  will  not  be  found  inferior  in  accuracy 
to  any  that  has  hitherto  been  proposed. 

In  the  essential  principle  on  which  this  method  is  founded, 
I find  that  I have  been  anticipated  by  the  Due  de  Chaulnes  ; 
but  some  parts  of  the  apparatus  which  he  has  described  are  so 
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complicated,  and  others  so  incapable  of  the  necessary  adjust- 
ments, that  his  method  of  dividing  never  has  been,  nor  ever 
can  be  introduced  into  practice,  and  indeed  was  intended  by  its 
author  merely  to  form  a model,  which  was  to  be  employed  as 
part  of  a dividing  engine. 

The  method  which  I am  about  to  describe  requires  no  other 
apparatus  than  two  pieces  easily  made,  which  I shall  call 
adjustable  dots;  three  microscopes,  (two  furnished  with  mi- 
crometers) and  a cutting  point  with  its  frame. 

The  general  principle  of  this  method  consists  in  viewing  the 
two  micrometer  microscopes,  as  the  points  of  a pair  of  beam 
compasses,  and  the  moveable  dots  as  divisions,  capable  of  the 
nicest  adjustment  previously  to  their  being  transferred  to  the 
limb  of  the  instrument.  Its  principal  advantages  are  its  sim- 
plicity, and  the  exclusion  of  all  errors,  excepting  such  as  may 
arise  from  careless  execution,  the  imperfection  of  vision,  or 
the  instability  of  the  apparatus  employed. 

The  adjustable  dots  are  represented  at  plate  XV.  figs.  1,2,  and 
3.  a , a , a , a , fig.  1.  is  a flat  piece  of  brass,  intended  to  rest  on 
the  face  of  the  arc  to  be  divided,  and  to  be  clamped  to  it  by 
means  of  the  screw  C,  fig.  3,  where  the  adjustable  dot  is  re- 
presented in  perspective.  The  piece  c c,  slides  smoothly  in  a 
dove-tail  groove,  formed  by  the  pieces  b,  b , and  is  moveable 
by  the  screw  d.  et  f slides  in  like  manner  in  a dove-tail 
groove  beneath,  and  at  right  angles  to  the  piece  c c,  and  is 
moveable  by  the  screwy.  That  part  of  the  clamp  which  bears 
against  the  edge  of  the  arc,  should  be  curved  in  such  a manner 
as  to  have  only  its  two  extremes  in  contact  with  the  edge,  by 
which  means  the  motion  of  the  sliding  piece  c c,  will  always 
be  in  the  proper  direction.  A very  thin  and  narrow  tongue 
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of  silver  or  gold,  on  which  is  a well  defined  circular  dot,  is 
soldered  to  the  lower  surface  of  ef,  beneath,  and  projecting 
from  e : the  lower  surfaces  of  this  tongue,  of  the  piece  ef,  and 
of  a , a , a,  a}  are  all  in  the  same  plane.  It  is  evident  from  this 
construction,  that  the  tongue  with  the  circular  dot  is  moveable 
on  the  surface  of  the  limb  of  the  instrument,  both  to  and  from 
its  centre,  and  in  a direction  at  right  angles  to  -the  radius. 
The  screws  d,  andg-,  are  to  be  turned  by  a key  with  a handle 
of  wood  or  ivory,  in  order  to  avoid  any  change  of  temperature 
which  might  arise  from  the  near  approach  of  the  hand ; the 
sliding  pieces  should  move  easily,  and  yet  be  perfectly  free 
from  shake. 

There  is  another  mode  of  constructing  the  adjustable  pieces, 
which  I conceive  may  be  found  far  preferable  to  that  I have 
just  described,  though  in  the  use  of  them  greater  care  and 
nicety  will  be  required.  It  is  to  draw  two  fine  lines  at  right 
angles  to  each  other  on  the  silver  tongue  of  the  piec eef,  fig.  1. 
which  lines  may  be  used  instead  of  the  dot,  by  causing  them 
to  bisect  the  angles  formed  by  the  cross  wires  of  the  micro- 
scopes, and  thus  ensuring,  as  far  as  vision  is  concerned,  as  great 
a degree  of  accuracy  in  dividing  as  can  afterwards  be  attained 
in  reading  off. 

The  line  in  the  direction  of  the  piece  ef,  must  be  drawn 
when  the  adjustable  piece  is  fixed  on  a circle,  and  when  the 
piece  cc,  is  placed  about  half  way  between  the  limits  of  its 
adjustment;  in  which  position  this  line  will  be  directed  towards 
the  centre  of  the  instrument,  and,  unless  the  circle  to  be 
divided  is  very  small,  the  difference  from  this  direction  within 
the  limits  of  its  adjustments  will  scarcely  become  sensible. 
This  will  be  better  understood  when  the  manner  of  using  the 
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adjustable  dots  has  been  described.  The  silver  tongue  with 
its  cross  lines  is  represented  at  A,  plate  XV.  fig.  1. 

The  three  microscopes  are  similar  to  those  used  in  reading 
off  the  divisions  of  astronomical  instruments  of  modern  con- 
struction, and  therefore  need  not  be  very  particularly  described. 
Two  of  these  microscopes  are  furnished  with  micrometers  in 
the  usual  manner,  each  having  a set  of  cross  wires  as  repre- 
sented at  fig.  6 , moveable  in  the  direction  ab,  by  means  of  the 
micrometer  screw. 

The  two  micrometer  microscopes  have  adjustable  supports, 
one  of  which  is  seen  at  fig.  4.  in  which  a,  a , are  two  pieces  of 
brass  forming  a dovetail  groove  for  the  sliding  piece  A,  which 
carries  the  microscope,  and  which  is  moveable  by  the  screw 
represented  in  the  plate.  In  the  circular  opening  formed  in 
the  sliding  piece  A,  a piece  of  brass  tube  is  soldered,  in  which 
the  microscope  slides  rather  stiffly,  in  order  to  be  adjusted  to 
distinct  vision.  The  supports  are  made  very  strong,  and  are 
furnished  beneath  with  clamps,  by  which,  or  by  any  other 
equivalent  contrivance,  they  may  be  firmly  fixed  to  an  arp, 
hereafter  to  be  described.  One  of  the  microscopes  with  its 
support  is  represented  at  fig.  5,  from  which  its  construction 
will  be  readily  understood  ; the  micrometer  head  is  omitted  in 
the  engraving,  as  it  would  only  occasion  confusion.  The 
object  glass  of  each  microscope  is  fixed  in  a tube  having  a 
fine  screw  cut  on  its  outside,  by  means  of  which,  after  the 
microscope  has  been  adjusted  as  nearly  as  possible  to  distinct 
vision,  any  remaining  parallax  may  be  removed,  when  the 
object  glass  is  to  be  secured  by  the  nut  a,  in  the  usual  manner. 

Fig.  7,  represents  the  support  for  the  third  microscope,  and 
also  the  cutting  point,  the  frame  of  which  is  attached  to  this 
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support.  ABCDE,  is  a thick  plate  of  brass,  having  a tube  sol- 
dered in  the  opening  C,  to  receive  the  microscope.  The  pro- 
jecting square  pieces  B,  D,  receive  the  conical  points  of  the 
screws  F,  F,  of  the  cutting  frame,  the  general  construction  of 
which  will  be  readily  understood  from  the  engraving.  The 
cutting  point  which  is  elliptical,  as  recommended  by  Mr. 
Troughton,  passes  obliquely  at  an  angle  of  about  fifty  de- 
grees through  the  flat  piece  of  brass  G.  The  pieces  a , a , pro- 
ject half  an  inch  or  more  beyond  the  piece  G,  and  to  their 
under  surfaces  a thin  slip  of  silver  or  gold  is  soldered,  or 
otherwise  securely  fastened,  on  which  a w;ell  defined  circular 
dot  is  made,  as  represented  in  the  plate.  The  sides  HI,  HI, 
of  the  cutting  frame,  must  be  of  a sufficient  length  for  the  ends 
I,  I,  to  reach  nearly  to  the  surface  of  the  instrument  to  be 
divided  when  the  frame  hangs  perpendicularly  from  B,  D;  by 
this  construction  of  the  cutting  frame,  it  is  evident  that  the  cir- 
cular dot  may  be  adjusted  so  that  its  image  may  pass  through 
the  point  of  intersection  of  the  wires  of  the  microscope  when 
carried  through  its  field  of  view,  and  that  the  cutting  point 
may  be  seen  through  the  same  microscope  when  employed  in 
tracing  the  divisions  on  the  limb  of  the  instrument.  A profile 
of  the  cutting  point  and  frame  is  given  at  fig.  8. 

As  every  thing  depends  on  the  rectilineal  motion  of  the 
cutting  point  w'hen  tracing  a division,  too  much  care  cannot  be 
employed  in  its  use,  and  it  is  greatly  to  be  wished  some  better 
mode  of  giving  it  motion  could  be  adopted  in  place  of  the  in- 
flexible projecting  handles  at  present  employed,  as  a lateral 
deviation  of  only  T^ioo  °f  an  hich,  in  a circle  of  two  feet  dia- 
meter, would  occasion  an  error  in  the  division  amounting  to 
about  a whole  second.  Perhaps  an  universal  joint  applied  to 
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the  upper  surface  of  the  piece  G,  and  connected  with  a handle, 
might  be  used  with  advantage.  The  length  of  that  part  of  the 
cutting  point  which  projects  beneath  the  piece  G,  may  also 
prove  a source  of  error;  but  this  may  be  easily  obviated  by 
making  the  piece  G,  much  thicker,  and  passing  the  screw 
through  it,  as  represented  in  the  profile. 

An  arc  of  cast  iron  or  brass  must  be  provided,  of  about  120 
degrees  in  length,  and  of  a radius  rather  greater  than  that  of 
the  instrument  to  be  divided.  Its  breadth  may  be  about  two 
inches,  and  its  thickness  should  be  fully  sufficient  to  ensure  its 
not  bending.  This  arc,  which  is  designed  to  carry  the  three 
microscopes,  is  to  be  fastened  at  its  extremities  by  clamps, 
screws,  or  otherwise,  to  the  framework  of  the  instrument  to 
be  divided,  in  such  a manner  as  that  the  microscopes  may 
project  over  its  limb,  and  be  at  a proper  distance  above  it  for 
distinct  vision,  and  that  the  surface  of  the  arc  may  be  parallel 
to  the  face  of  the  instrument.  The  manner  of  fastening  this 
arc  must  be  left  to  the  ingenuity  of  the  artist.  In  some  in- 
stances it  may  perhaps  be  found  convenient  to  construct  a 
temporary  frame  for  the  reception  of  the  instrument  during 
the  operation  of  dividing,  but  in  whatever  manner  the  arc  is 
applied,  it  is  absolutely  necessary  that  it  should  be  so  secured 
as  to  be  perfectly  immoveable. 

I shall  now  proceed  to  detail  the  manner  in  which  this  ap- 
paratus is  to  be  employed  in  dividing  a circle,  which  I shall 
suppose  to  be  two  feet  in  diameter.  The  first  operation  ne- 
cessary is  to  describe  on  the  face  of  the  instrument  the  circles 
which  are  to  limit  the  divisions.  This  may  readily  be  done 
by  causing  a fixed  point  to  press  on  the  surface  of  the  circle, 
whilst  it  is  made  to  revolve  on  its  axis.  The  support  carrying 
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the  third  microscope  and  cutting  frame,  which  microscope  I 
shall  in  future  distinguish  by  calling  it  the  fixed  microscope , is 
then  to  be  firmly  screwed  to  the  arc,  as  near  to  its  right  ex- 
tremity as  conveniently  may  be,  and  so  that  the  intersection 
of  the  cross  wires  of  the  microscope  may  be  a little  without 
the  exterior  circle  described  on  the  face  of  the  instrument,  and 
yet  that  both  the  circles  that  limit  the  divisions  may  pass 
through  the  field  of  view.  The  support  of  the  fixed  micro- 
scope must  also  be  so  placed,  as  that  the  cutting  point  may 
move  in  the  direction  of  the  diameter  of  the  circle  to  be  di- 
vided. The  moveable  microscopes  are  to  be  attached  to  the 
arc  by  their  clamps,  and  to  be  always  so  adjusted  that  the  inter- 
sections of  their  wires  may  appear  half  way  between  the 
circles  intended  to  limit  the  divisions.  The  microscope  which 
is  placed  next  to  the  fixed  microscope  I shall  distinguish  by 
the  letter  A,  and  the  other  by  the  letter  B.  The  micrometer 
head  of  A must  be  placed  to  the  right,  and  that  of  B to  the 
left,  of  their  respective  microscopes. 

It  will,  perhaps,  be  found  most  convenient  to  commence  by 
dividing  the  circle  into  five  equal  parts  of  seventy-two  degrees 
each.  For  this  purpose,  having  fixed  the  circle  by  means  of  the 
clamp  attached  to  its  tangent  screw  (with  which  every  instru- 
ment is  provided),  draw  a fine  line  with  the  cutting  point  from 
the  exterior  circle  described  on  the  face  of  the  instrument  to 
the  edge  of  its  limb:  this  line  I shall  call  the  line  of  reference. 
Adjust  the  fixed  microscope  to  distinct  vision,  by  sliding  it  in  its 
support,  and  cause  the  line  of  reference  accurately  to  bisect  the 
vertical  angles  formed  by  the  cross  wires  of  the  microscope,  by 
moving  the  circle,  and  by  turning  the  microscope  in  the  tube 
of  its  support.  Move  the  eye  to  the  right  and  left,  and  observe 
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whether  the  line  of  reference  appears  to  change  its  position. 
If  it  is  perfectly  stationary  in  every  situation  of  the  eye,  the 
adjustment  of  the  microscope  is  correct;  if  not,  the  remaining 
parallax  must  be  destroyed  by  moving  the  object  glass,  which 
must  afterwards  be  secured  by  means  of  its  nut. 

The  next  step  is  to  adjust  the  cutting  frame.  To  this  end, 
place  the  projecting  pieces  a , a , of  the  cutting  frame  on  the 
face  of  the  limb  of  the  instrument,  when  the  dot  will  be  at  a 
proper  distance  from  the  microscope  for  distinct  vision.  Slide 
it  through  the  field  of  view,  and  examine  whether  its  centre 
passes  accurately  through  the  intersection  of  the  cross  wires, 
and  if  not,  cause  it  to  do  so  by  means  of  the  screws  F and  F.* 
This  adjustment  should  be  most  carefully  examined  in  every 
part  of  the  process  of  dividing,  as  it  is  essentially  necessary  to 
the  accuracy  of  the  operation. 

Place  the  microscope  A,  as  near  to  the  fixed  microscope  as 
conveniently  may  be  (leaving,  however,  sufficient  space  to 
use  the  cutting  point),  and  clamp  it  firmly  to  the  arc.  Fix 
the  microscope  B at  the  distance  of  seventy-two  degrees  by 
estimation  from  A,-f  and  bring  the  intersections  of  their  wires 
between  the  circles  which  are  to  limit  the  divisions.  Place  an 
adjustable  dot  under  A,  with  its  centre  precisely  in  the  inter- 
section of  the  cross  wires.  Unclamp  the  circle,  and  turn  it  on 
its  axis  till  the  adjustable  dot  arrives  at  the  intersection  of  the 
cross  wires  of  B ; and  should  the  centre  of  the  dot  not  pass 

* The  same  thing  might,  perhaps,  be  as  conveniently  effected  by  giving  a motion 
to  the  cross  wires  of  the  fixed  microscope,  and  fine  lines  intersecting  each  other  at 
right  angles  may  be  used  instead  of  the  dot  (as  in  the  adjustable  pieces)  should  it  be 
thought  preferable. 

f This  may  be  readily  done  by  means  of  the  figures  usually  engraved  on  the  limb 
previous  to  the  operation  of  dividing. 
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accurately  through  their  intersection,  cause  it  to  do  so  by 
means  of  the  screw  of  the  moveable  support  of  the  microscope 
B.  The  intersections  of  the  cross  wires  of  both  microscopes 
will  now  be  equidistant  from  the  centre  of  the  circle.  A ?just 
both  microscopes  to  distinct  vision,  in  the  manner  described 
for  the  fixed  microscooe,  using  the  adjustable  d >t  instead  of 
the  line  of  reference.  Return  the  line  of  reference  to  the  fixed 
microscope,  clamp  the  circle,  and,  by  means  of  the  tangent 
screw,  bring  the  line  of  reference  again  accurately  under  the 
intersection  of  the  cross  wires.  Place  the  second  adjustable 
dot  precisely  under  the  intersection  of  the  wires  of  the  micro- 
scope B.  When  all  has  been  thus  arranged,  the  line  of 
reference,  and  the  two  adjustable  dots,  should  appear  in  the 
intersection  of  the  wires  of  their  respective  microscopes,  and 
the  dot  of  the  cutting  frame,  if  moved  through  the  field  of  view, 
should  pass  through  the  intersection  of  the  wires  of  the  fixed 
microscope.  This  arrangement  of  the  microscopes  is  repre- 
sented in  plate  XVI.  from  which  the  manner  of  placing  them  in 
the  subsequent  parts  of  the  operation  will  also  be  readily 
understood. 

Turn  the  circle  on  its  axis  till  the  dot  which  was  under  A, 
arrives  under  B.  Clamp  the  circle,  and,  by  means  of  the 
tangent  screw,  bring  the  centre  of  this  dot  under  the  inter- 
section of  the  wires  of  the  microscope  B.  Take  off' the  adjust- 
table  dot  which  was  under  B,  and  which  will  now  be  found  to 
the  left  of  that  microscope,  place  it  beneath  A,*  and,  by  means 
of  its  adjusting  screws,  bring  its  centre  under  the  intersection 
of  the  cross  wires,  carefully  remarking  whether  the  circle  has 

* The  artist  will  perceive,  that  five  dots  in  this  stage  of  the  process  will  be  more 
convenient  than  two,  and  obviate  the  necessity  of  removing  the  dots. 
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in  the  mean  time  suffered  any  change  of  position,  which  may 
be  known  by  the  centre  of  the  dot  which  is  under  B,  being  no 
longer  found  precisely  under  the  intersection  of  its  wires;  and, 
should  this  have  happened,  the  dot  must  be  restored  to  its 
former  position  by  moving  the  circle,  previous  to  the  final 
adjustment  of  the  dot  which  is  under  the  microscope  A.  The 
adjustable  dots  must  thus  be  made  successively  to  change 
places,  till  the  line  of  reference  arrives  again  in  the  field  of  the 
fixed  microscope,  when  it  is  evident,  if  the  intersections  of  the 
wires  of  the  microscopes  A and  B are  precisely  distant  seventy 
two  degrees  from  each  other,  the  line  of  reference  will  again  be 
found  accurately  in  the  intersection  of  the  cross  wires  of  the 
fixed  microscope,  as  it  was  at  the  commencement ; but  should 
this  not  be  the  case,  its  distance  from  it  will  be  equal  to  five 
times  the  error  in  the  distance  of  the  wires  of  the  microscopes 
A and  B,  and  this  error  is  to  be  corrected  by  the  micrometer 
of  the  microscope  A,*  and  the  whole  operation  repeated,  always 
remembering  to  bring,  in  the  first  instance,  the  line  of  refer- 
ence accurately  to  the  intersection  of  the  wires  of  the  fixed 
microscope,  and  carefully  to  repeat  the  various  adjustments 
which  have  been  detailed. 

When,  by  repeated  trials,  the  wires  of  the  microscopes  A and 
B are  found  to  be  at  the  required  distance  from  each  other, 
the  divisions  are  to  be  cut  on  the  limb  of  the  instrument,  the 
eye  being  assisted  by  viewing  the  cutting  point  through  the 
fixed  microscope.  The  first  line,  or  zero,  is  to  be  made  when 

* The  line  of  reference  may  be  brought  to  the  intersection  of  the  wires  of  the  fixed 
microscope  and  the  distance  of  the  dot  which  is  under  A,  from  the  intersection  of  its 
wires  be  measured  by  its  micrometer  screw,  and  this  will  be  equal  to  five  times  the 
error  in  the  distance  of  A and  B. 
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the  line  of  reference  and  the  two  dots  are  under  the  inter- 
sections of  the  wires  of  their  respective  microscopes,  and  each 
of  the  other  divisions,  successively  after  the  dots  have  been 
made  to  change  their  places ; and  thus  the  circle  will  be 
divided  into  five  equal  parts,  which  seem  to  be  subject  to  no 
other  error  than  what  may  be  attributed  to  the  imperfection 
of  vision,  or  inaccurate  execution. 

Each  division  of  seventy -two  degrees  is  next  to  be  sub- 
divided into  three  parts.  To  effect  this,  bring  the  line  of 
reference  to  the  intersection  of  the  wires  of  the  fixed  micro- 
scope, and  verify  the  adjustment  of  the  cutting  frame.  Place 
the  microscope  B,  above  the  first  division  from  the  fixed 
microscope,  and  the  microscope  A,  at  the  distance  of  one  third 
of  a division,  or  twenty-four  degrees  by  estimation  from  B. 
Cause  the  division  which  is  under  B,  to  bisect  the  vertical 
angles  of  the  cross  wires,  by  means  of  the  micrometer  screw, 
and  by  turning  the  microscope  in  its  tube,  and  adjust  both 
microscopes  to  distinct  vision.  Place  an  adjustable  dot  under 
the  intersection  of  the  wires  of  A ; unclamp  the  circle,  and 
turn  it  till  the  adjustable  dot  is  under  B;  when,  if  it  does  not 
pass  precisely  through  the  intersection  of  the  cross  wires,  it 
must  be  made  to  do  so,  as  before  described,  by  means  of  the 
screw  attached  to  the  support  of  the  microscope.  Bring  back 
the  line  of  reference  to  the  wires  of  the  fixed  microscope, 
when  the  adjustable  dot  should  be  precisely  in  the  intersection 
of  the  wires  of  A,  and  the  first  division  (seventy-two  degrees 
from  zero)  accurately  bisecting  the  vertical  angles  of  the  cross 
wires  of  B.  Turn  the  circle  round  till  the  adjustable  dot  arrives 
under  B,  and  by  means  of  the  tangent  screw  bring  it  accurately 
to  the  intersection  of  the  cross  wires.  Place  another  adjustable 
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dot  in  the  intersection  of  the  cross  wires  of  A,  taking  care,  by 
examining  the  dot  under  B,  to  ascertain  that  the  circle  has  not 
in  the  mean  time  suffered  any  change  of  position.  Bring  the 
dot  which  was  last  placed,  and  which  is  now  under  A,  to  the 
intersection  of  the  wires  of  B,  when  it  is  evident  if  the  wires 
of  the  microscopes  A and  B,  are  at  the  required  distance  from 
each  other,  the  next  division  of  the  instrument,  or  zero,  will 
now  pass  precisely  through  the  intersection  of  the  cross  wires 
of  A.  But  should  this  not  be  the  case,  the  distance  may  be 
measured  by  means  of  the  micrometer,  and  the  cross  wires  of  A 
must  be  removed  one  third  of  this  distance  from  their  first 
position  towards  the  side  opposite  to  that  on  which  the  divi- 
sion appears  in  the  microscope.  The  line  of  reference  must 
then  be  brought  again  to  the  wires  of  the  fixed  microscope, 
and  the  w hole  operation  repeated  as  before,  till  the  intersec- 
tions of  the  w ires  of  A and  B,  are  at  the  proper  distance  from 
each  other. 

In  order  to  cut  the  divisions ; having  ascertained  that  the 
line  of  reference,  the  division  which  is  under  B,  and  the 
adjustable  dot  under  A,  are  accurately  in  the  intersection  of 
the  wires  of  their  respective  microscopes ; turn  the  circle  till 
A and  B,  have  each  an  adjustable  dot  in  the  intersection  of 
their  cross  wires,  and  cut  a division  ; move  the  circle  till  an 
adjustable  dot  is  in  the  intersection  of  the  wires  of  B,  and  a 
division  in  that  of  A,  and  trace  another  line  with  the  cutting; 
point.  It  is  now  evident,  that  one  of  the  primary  divisions  of 
seventy-two  degrees  is  trisected.  Take  off  the  adjustable  dots, 
which  are  now  no  longer  necessary,  and  bringing  each  of  the 
new  divisions,  as  well  as  the  primary  ones,  successively  under 
the  intersection  cf  the  wires  of  the  microscope  A,  trace  a new 
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division  with  the  cutting  point,  and  proceed  in  this  manner 
round  the  whole  circle,  remembering  that  when  a division  is 
in  the  intersection  of  the  wires  of  A,  another  division  should 
be  found  precisely  in  that  of  B,  and  this  affords  a very  severe 
test  of  the  accuracy  of  the  work  as  it  proceeds. 

Having  thus  obtained  divisions  of  twenty-four  degrees , these 
are  again  to  be  trisected  precisely  in  the  sa?ue  manner,  and 
with  all  the  precautions  before  detailed,  placing,  should  it  be 
necessary,  the  microscope  B,  at  the  distance  of  two  divisions, 
or  forty-eight  degrees,  from  the  fixed  microscope,  and  trans- 
ferring the  adjustable  dots  through  two  divisions  instead  of one, 
which  will  bring  the  new  divisions  under  the  microscope  A, 
when  the  adjustable  dots  may  be  taken  off. 

The  circle  is  now  divided  into  portions  of  eight  degrees  each, 
and  these  are  to  be  continually  bisected,  till  we  arrive  at  divi- 
sions of  half  a degree;  but  as  it  is  presumed  that  the  centres  of 
the  microscopes  A and  B,  cannot  be  brought  nearer  to  each 
other  than  eight  degrees,  it  becomes  necessary  to  take  distant 
divisions,  and  to  bisect  twenty-four  degrees.  For  this  purpose, 
having  brought  the  line  of  reference  to  the  intersection  of  the 
wires  of  the  fixed  microscope,  and  verified  the  adjustment  of 
the  cutting  point,  place  the  microscope  A,  as  near  to  the  fixed 
microscope  as  convenient,  with  the  intersection  of  its  cross 
wires  half  way  by  estimation  between  any  two  divisions,  and 
at  the  distance  of  twelve  degrees  place  the  microscope  B, 
causing  the  angles  of  its  cross  wires,  by  means  of  the  micro- 
meter screw,  to  be  bisected  by  the  division  under  it.  Fix  an 
adjustable  dot  beneath  the  intersection  of  the  wires  of  A,  and 
see  that  it  passes  through  that  of  B,  as  formerly  directed. 
Adjust  for  distinct  vision,  &c.  in  the  manner  which  lias  already 
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been  minutely  detailed,  and  on  bringing  the  adjustable  dot  to 
the  intersection  of  the  wires  of  B,  if  the  distance  of  the  mi- 
croscopes be  accurate,  a division  will  be  found  precisely  in  the 
intersection  of  the  wires  of  A,  but  should  it  not  be  so,  the 
error  in  the  distance  of  A and  B,  must  be  determined  and  cor- 
rected by  means  of  the  micrometer,  as  before  described.  The 
line  of  reference  is  then  to  be  brought  back  to  the  intersection 
of  the  wires  of  the  fixed  microscope,  and  the  trial  repeated. 

When  the  distance  of  A and  B,  is  found  to  be  correct;  the 
line  of  reference  being  brought  to  the  intersection  of  the  cross 
wires  of  the  fixed  microscope,  and  a division  being  in  that  of 
the  microscope  B,  it  is  evident  that  the  intersection  of  the 
wires  of  A must  accurately  bisect  a division,  or  be  four  de- 
grees distant  from  the  next  division  on  the  instrument.  Bring 
up  this  division  therefore  to  the  intersection  of  the  wires  of  A, 
and  trace  a line  with  the  cutting  point ; do  the  like  with  each 
division,  or  every  eighth  degree  successively,  and  the  circle 
wull  be  divided  into  parts  oifour  degrees  each,  and  by  continu- 
ing to  bisect  in  the  same  manner,  the  division  of  the  circle  is 
to  be  carried  to  thirty  minutes. 

The  last  operation  consists  in  trisecting  the  divisions  of  thirty 
minutes.*  Bring  the  line  of  reference  to  the  fixed  microscope, 
and  examine  the  adjustment  of  the  cutting  frame  as  before. 
Place  the  intersections  of  the  wires  of  B and  A,  on  any  two 
divisions  of  the  instrument,  say  ten  degrees  from  each  other, 
and  increase  their  distance  by  advancing  the  intersection  of 
the  wires  of  A,  by  means  of  its  micrometer  screw,  one  third 
of  a division,  or  ten  minutes.  Place  an  adjustable  dot  under 

• The  method  by  which  this  trisection  is  effected  is  of  very  general  application, 
and  may  be  used  with  equal  facility  to  divide  an  arc  into  any  other  number  of  parts. 
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A,  adjusting  the  cross  wires,  and  using  all  the  various  pre- 
cautions which  have  been  before  minutely  detailed.  Bring  the 
dot  under  B,  and  place  a second  dot  under  A:  turn  the  circle 
till  this  second  dot  arrives  at  B,  when  if  A and  B are  accu- 
rately at  the  required  distance  from  each  other,  it  is  evident 
that  a division  will  be  seen  precisely  in  the  intersection  of  the 
wires  of  A;  but  if  not,  the  error  must  be  corrected  as  before 
described,  by  means  of  the  micrometer.  The  line  of  reference 
is  then  to  be  brought  back  to  the  fixed  microscope,  in  which 
position  of  the  circle  the  intersection  of  the  wires  of  A will 
be  accurately  one  third  of  a division,  or  ten  minutes  in  ad- 
vance. Turn  the  circle,  and  bring  every  division  both  of  thirty 
minutes  and  those  newly  cut,  successively,  as  they  arrive  in  the 
microscope,  to  the  intersection  of  the  wires  of  A,  tracing  a new 
division  with  the  cutting  point  wherever  there  does  not  appear 
to  have  been  one  previously  made,  and  continue  this  till  the 
whole  circle  is  divided  into  parts  of  ten  minutes  each. 

In  the  example  of  the  process  of  dividing  which  I have 
given,  the  diameter  of  the  circle  was  supposed  to  be  two  feet, 
but  should  the  instrument  be  of  a smaller  size,  the  microscopes 
cannot  be  brought  so  near  to  each  other  as  eight  degrees,  and 
it  then  becomes  necessary  to  choose  a different  series  of  num- 
bers for  tlie  divisions.  For  this  purpose,  I have  added  a small 
table  containing  several  series  which  appear  to  be  most  con- 
venient, and  from  among  which  the  artist  may  select  that 
which  may  best  suit  the  size  of  his  instrument,  and  his  owm 
ideas  of  accuracy. 

It  may  not  be  useless  briefly  to  recapitulate  the  precautions 
which  are  absolutely  requisite  to  the  success  of  this  mode  of 
dividing. 
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The  microscopes  must  be  perfectly  free  from  parallax,  and 
the  vertical  angles  formed  by  the  intersections  of  their  cross 
wires,  accurately  bisected  by  the  divisions  which  pass  through 
them.  The  intersections  of  the  cross  wires  of  A and  B must 
appear  between  the  circles  which  limit  the  divisions,  and  be 
equidistant  from  the  centre  of  the  instrument  to  be  divided. 

The  dot  on  the  cutting  frame,  if  moved  through  the  field 
of  view,  must  always  pass  through  the  intersection  of  the 
wires  of  the  fixed  microscope  ; and  the  motion  of  the  cutting 
point  must  be  in  the  diameter  of  the  circle  to  be  divided. 

When  the  line  of  reference  is  in  the  intersection  of  the 
wires  of  the  fixed  microscope,  a division  should  always  appear 
precisely  in  the  intersection  of  the  wires  of  the  microscope  B. 

Lastly,  previous  to  cutting  each  new  division,  if  two  divi- 
sions do  not  appear  precisely  in  the  intersections  of  the  wires 
of  A and  B,  it  is  an  immediate  proof,  (unless  the  microscopes 
may  have  suffered  any  accidental  change  of  position)  of  inac- 
curate execution  in  the  former  part  of  the  work. 

From  what  has  been  said,  it  is  evident  that  the  microscope 
B might  have  remained  stationary  after  having  been  placed 
over  one  of  the  primary  divisions  of  seventy-two  degrees,  and 
perhaps  in  practice  this  may  be  preferable.  My  only  reason 
for  directing  it  to  be  removed  was  to  obviate  the  effect  of  any 
expansion  which  might  take  place  in  that  part  of  the  arc  which 
is  between  the  tracing  point  and  the  microscope,  by  placing  it 
as  near  as  possible  to  the  cutting  frame;  this,  however,  will 
probably  be  found  to  be  an  unnecessary  refinement. 

This  method  of  dividing  is  not  confined  to  circles,  but  may 
be  applied  with  equal  facility  and  advantage  to  the  division  of 
straight  lines  and  zenith  sectors.  For  the  last,  it  is  necessary 
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to  obtain  the  radius  of  the  instrument  to  be  divided,  and  by 
continual  bisection  its  eighth  part,  which  is  the  chord  of  seven 
degrees  ten  minutes.  This  chord  is  to  be  faintly  set  off' on  a 
part  of  the  arc,  and  the  fixed  microscope  being  placed  over 
the  middle  point  of  the  arc,  or  zero,  the  division  may  be  car- 
ried to  five  or  ten  minutes,  precisely  in  the  same  manner  as 
has  already  been  directed  for  the  circle. 

Finally,  whether  the  operation  of  dividing  is  performed  by 
daylight,  or  by  the  light  of  a lamp,  I would  strongly  recom- 
mend the  use  of  shades  made  of  thin  oiled  paper  without  wire 
marks,  placed  very  near  the  limb  of  the  instrument.  The 
accuracy,  and,  if  I may  be  allowed  the  expression,  the  luxury 
which  they  afford  in  delicate  observations,  can  be  fully  appre- 
ciated only  by  those,  who,  like  myself,  have  been  in  the  fre- 
quent habit  of  using  them. 
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XXI.  Results  of  some  recent  Experiments  on  the  Properties  im- 
pressed upon  Light  by  the  Action  of  Glass  raised  to  different 
Temperatures , and  cooled  under  different  Circumstances.  By 

David  Brewster,  LL.  D.  F.  R.  S.  Edin . and  F.  A.  S.  E.  in  a 
Letter  to  the  Right  Hon.  Sir  Joseph  Banks,  Bart . K.  B . 
P . R.  S . &c.  &c.  &c. 

♦ 

Read  May  19,  1814. 

Dear  Sir, 

I he  interest  which  you  take  in  every  thing  which  contributes 
to  the  progress  of  science,  renders  it  unnecessary  to  make  any 
apology  for  communicating  to  you  the  results  of  some  recent 
experiments  on  the  properties  impressed  upon  light  by  the 
action  of  glass,  raised  to  different  temperatures  and  cooled 
under  different  circumstances.  The  imperfect  state  of  these 
experiments  will  still  require  your  indulgence  ; but  I trust  that 
independent  of  all  farther  developement,  the  resul  js  themselves 
will  be  deemed  of  sufficient  importance  to  justify  me  in  sub- 
mitting them  so  early  to  your  consideration. 

During  an  extensive  course  of  experiments  on  the  depo- 
larisation of  light,  by  soft  bodies  melted  and  cooled  between 
plates  of  glass,  it  was  necessary  to  bring  the  plates  to  different 
temperatures,  in  order  to  fuse  the  substance  which  they 
inclosed.  When  the  body  melted  at  a high  temperature  and 
was  in  a fluid  state,  I frequently  perceived  a partial  depolari- 
sation of  the  transmitted  light,  which  gradually  went  off  as  the 
heat  diminished.  This  effect  I at  first  ascribed  to  an  incipient 
crystallisation  in  the  included  substance;  but  the  increase  of 


Dr.  Brewster's  Experiments , &c.  4,37 

the  quantity  of  depolarised  light  by  an  augmentation  of  tem- 
perature refuted  this  conjecture,  and  rendered  it  necessary  to 
search  for  some  other  cause. 

Having  procured  a plate  of  glass  about  ^ of  an  inch  thick, 
I brought  it  nearly  to  the  temperature  of  a red  heat.  When 
a pencil  of  light  polarised  by  reflection  was  transmitted  in  a 
perpendicular  direction  through  the  heated  glass,  the  whole 
of  the  light  was  completely  depolarised,  and  found  a ready 
passage  through  a plate  of  agate,  having  its  veins  perpendi- 
cular to  the  plane  of  reflection.  As  the  temperature  diminished, 
the  quantity  of  depolarised  light  seemed  to  diminish  in  the 
same  proportion  ; and  after  the  glass  had  completely  cooled, 
the  whole  of  the  pencil  preserved  its  original  polarisation,  and 
refused  to  penetrate  the  agate.  Hence  it  follows  that  glass 
brought  to  a certain  temperature  forms  two  images , and  polarises 
them  in  an  opposite  manner , like  all  doubly  refracting  crystals , the 
one  image  being  coincident  with  the  other. 

The  analogy  thus  indicated  between  heated  glass  and 
regularly  crystallised  bodies  was  in  some  degree  imperfect, 
as  I could  perceive  no  traces  of  the  coloured  rings  which  almost 
every  crystal  exhibits  by  polarised  light.  It  occurred  to  me, 
that  the  temperature  of  the  glass  might  not  have  been  suffi- 
ciently high,  and  that  the  phenomenon  of  the  coloured  rings 
could  only  be  developed  when  the  glass  was  in  absolute  fusion, 
or  in  a state  approaching  to  it.  The  impracticability,  however, 
of  making  any  experiments  of  this  kind  with  melted  glass, 
compelled  me  to  have  recourse  to  another  expedient. 

In  the  formation  of  glass  tears,  or  Rupert's  drops,  as  they 
are  sometimes  called,  by  dropping  melted  glass  into  cold  water, 
it  appeared  probable,  that  in  consequence  of  the  sudden  conso- 
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lidation  of  the  outer  crust,  the  interior  part  of  the  drop  had  a 
structure  similar  to  that  of  fluid  glass,  or  at  least,  that  the 
ultimate  particles  were  in  both  cases  at  the  same  distance, 
having  been  prevented,  in  the  ease  of  the  drop,  from  approach- 
ing each  other  by  the  action  of  the  external  coat. 

I therefore  procured  several  of  these  drops  made  of  bottle 
glass,  and  upon  exposing  them  to  a polarised  pencil,  I found 
that  they  not  only  depolarised  it  completely,  but  produced  the 
alternation  of  the  prismatic  colours,  which  I was  so  anxious  to 
discover.  In  order  to  observe  this  interesting  phenomenon 
with  more  satisfaction,  I obtained  several  drops  made  of  flint 
glass.  All  of  them  exhibited  the  same  phenomena  which 
appeared  in  those  made  of  bottled  glass,  and  there  was  a 
decided  approximation  to  neutral  axes  in  lines  parallel  and 
perpendicular  to  the  axis  of  the  drop.  When  the  polarised  ray 
was  transmitted  through  a part  of  the  drop  nearer  to  the 
slender  stem,  the  neutral  and  depolarising  axes  became  still 
more  distinct,  till  at  a certain  thickness  of  the  stem  these  axes 
were  as  completely  developed  as  in  the  most  perfect  crystals. 

Having  succeeded  in  detaching  the  thick  bulb  of  the  drop 
from  its  long  slender  tail,  I ground  upon  it  two  parallel  sur- 
faces, perpendicular  to  the  axis  of  the  drop,  and  other  two 
parallel  to  the  same  axis.  When  polarised  light  was  trans- 
mitted in  both  these  directions,  it  was  depolarised  as  before, 
and  exhibited  the  segments  of  the  coloured  rings,  but  there 
was  no  appearance  of  any  neutral  axes,  the  depolarisation 
being  equally  complete  in  every  position  of  the  drop. 

When  a piece  of  plate  glass  is  brought  to  a red  heat,  and 
suddenly  cooled  by  immersion  in  wrater,  it  is  intersected  by 
numerous  fissures,  arranged  somewhat  like  the  cells  of  a 
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honeycomb;  but  as  the  rupture  of  the  surface  leaves  the  par- 
ticles at  liberty  to  dispose  themselves  at  distances  correspond- 
ing to  the  temperature,  the  glass  exhibits  no  power  either  in 
polarising  or  depolarising  light. 

The  effects  of  heat  upon  crystallised  bodies,  but  particularly 
upon  those  which,  like  fluor  spar  and  muriate  of  soda,  do  not 
possess  the  property  either  of  polarisation  or  depolarisation,  I 
propose  immediately  to  investigate  ; but  even  if  the  inquiry 
should  be  carried  no  farther,  the  results  which  I have  described 
must  be  considered  as  of  the  utmost  importance,  not  only  as 
giving  us  positive  information  respecting  the  structure  of  cry- 
stallised bodies,  but  as  opening  a new  path  to  the  solution  of 
the  great  problem  of  double  refraction. 

I have  the  honour  to  be, 
dear  Sir, 

your  most  obedient  and  humble  servant, 

DAVID  BREWSTER. 


Edinburgh,  April  8th,  1814. 


To  the  Right  Hon.  Sir  Joseph  Banks,  Bart.  K.  B.  P.  R.S. 

Sec.  Sec.  Sic . 
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XXII.  Consideration  of  various  Points  of  Analysis.  By  John 

F.  W.  Herschel,  Esq.  F.  R.  S. 

Read  May  19,  1814. 

On  the  Calculus  of  Generating  Functions. 

1 n whatever  point  of  view  we  consider  the  theory  of  gene- 
rating functions,  whether  as  the  fertile  source  of  new  disco- 
veries, or  as  a medium  for  exhibiting,  in  the  most  comprehensive 
and  uniform  point  of  view,  results  already  known ; we  shall 
find  fresh  cause  to  admire  the  profound  and  original  genius 
of  its  author.  To  the  latter  of  these  objects  it  is,  however, 
more  peculiarly  adapted,  and  perhaps,  in  the  present  state  of 
analytics,  this  may  even  be  considered  as  the  more  precious 
advantage  of  the  two.  Such  has  been  the  indefatigable  activity 
of  those  illustrious  men,  who  have  devoted  themselves  to  the 
pursuit  of  mathematical  science,  that  analysis  must  be  consi- 
dered as  already  adequate  to  every  purpose  to  which  we  can 
reasonably  hope  to  see  it  applied.  The  attention  of  the  scien- 
tific observer  must  now  be  directed  to  those  elevated  stations, 
from  which  distinct  and  extended  views  of  its  arrangement  as 
a whole  can  be  obtained.  The  calculus  of  generating  func- 
tions affords  such  a station,  and  commands  a wider  and  more 
magnificent  prospect  than  any  which  has  yet  been  opened  to 
the  view  of  the  speculative  philosopher.  It  becomes  interest- 
ing then  to  extend  its  application  as  far  as  possible  in  this  line, 
and  to  introduce  it  on  every  occasion  where  there  seems  any 
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probability  of  its  coming  successfully  into  play.  Such  have 
been  in  part  the  considerations  which  determined  me  to  adopt 
it  as  a vehicle  in  laying  before  the  Society  some  results  of  a 
singular  and  interesting  nature,  derived  indeed  originally  from 
other  principles,  but  which,  like  all  the  rest,  flow  with  the  ut- 
most facility  from  the  first  elements  of  this  calculus. 

In  the  following  pages  I have  uniformly  made  use  of  the 
functional  or  characteristic  notation ; together  with  the  method 
of  separating  (where  it  could  conveniently  be  done)  the  sym- 
bols of  operation  from  those  of  quantity.  This  method  I have, 
perhaps,  extended  and  carried  somewhat  farther  than  has 
hitherto  been  customary ; but,  I trust,  without  losing  sight  of 
its  grand  and  ultimate  object,  the  union  of  extreme  generality 
with  conciseness  of  expression.  To  avoid  the  necessity  of 
continual  explanation,  I shall  here  set  down  the  leading  points 
of  the  svstem. 

J 

1.  The  signs  : x ( ) are  used  to  separate  the  symbol  of  ope- 
ration from  that  of  the  quantity  operated  upon,  thus: 

I{x),  <p  : log  x,  U — n"  X f ( X ). 

II.  1.  The  combination  of  two  operations  is  represented  by 
placing  their  symbols  together  in  their  proper  order.  Thus, 
<p  (ip(jr) ) is  simply  written  pip  (x).  For  example,  if  <p  (x)  = 
l-fr,  and  ip  (x)  = x\  then  (x)  ==  1 + x2,  and  ^ (x) 
— (1  + x)\ 

2.  When  several  operations  combined  are  considered  as 
one,  their  characteristics  are  inclosed  in  parentheses  ( ).  Thus 

/log  <p  (x)  = (/log  <p)  : x. 

3.  The  repetition  of  the  same  operation  j being  denoted  (by 
the  first  rule  of  this  article)  by//,///,  &c.  may  be  more  con- 
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cisely  represented  thus,/2,/3,  . . . ./*;  and  this  furnishes  us 
with  a general  and  very  simple  notation  for  the  reverse  ope- 
ration of  that  denoted  by/.  For  sine  ejmftt  ( x ) =fm+n  (x), 
if  we  make  m — — 1,  n = + 1,  we  find/-1/  (a;)  =/°  (sc) 

= x with  the  operation/  no  times  performed,  = x.  Thus/  ”‘I 
is  the  characteristic  of  that  operation  which  must  be  performed 
on/(x)  to  reduce  it  to  x:  that  is,  of  the  reverse  operation. 
This  is  surely  a simpler  and  more  expressive  method  than  that 
of  inverting  the  characteristic/  accentuating  it  on  the  left  side,/ 
or  below/  or  other  similar  contrivances.  For  instance, 

log”  X ==  s*  = 1 + Y + u + &c. 

tan-1.!  = — — - + £ _ &c. 

4.  If  a combination  of  operations,  as  &c.  be  n times  re- 
peated in  their  order,  thus;  p/p/  ....  (x),  it  will,  by  the 
second  and  third  rules  of  this  article  be  denoted  by  (<pip)”:  x. 
It  must  be  observed,  however,  that  (<?/)*  is  not  the  same  as 
c p ” except  in  soma  particular  cases. 

III.  1.  If  any  number  of  functions  of  a symbol  x be  added, 
subtracted,  or  otherwise  combined,  the  resulting  function  is 
expressed  by  the  same  combination  of  their  characteristics, 
observing  the  following  conditions. 

2.  The  actual  multiplication  of  two  functions  <p  (x)  and  ip  (x) 
is  expressed  by  inserting  a full  point  between  their  charac- 
teristics, thus,  <p  . / (x)  = (p(x)  . / (x). 

3.  The  actual  elevation  of  a function  to  any  power  is  thus 

* Laplace.  Journal  de  l’Ecole  Polytechnique.  No.  15. 
f Monge.  Savans  Etrangcrs.  1773.  ' 
f Knight.  Philosophical  Transactions,  18 11.  Parti. 
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expressed,  {/(x)]”=  {/}":x,  to  distinguish  it  from/"  (x), 
whose  signification  has  already  been  explained. 

4.  If  F (x)  be  developable  in  any  series  of  the  form 


(F  : <p)  : x = a . <f  (x)  + b . / (x)  + c . <pv  (x)  + & c. 
and,  (F  = (x)  (x)  j,C  + &c. 


IV.  1.  D is  used  as  the  sign  of  derivation.  It  is,  properly 
speaking,  the  sign  of  an  operation  performed,  not  on  quantity, 
but  on  the  characteristic  which  it  immediately  precedes ; by 
which  the  operation  denoted  by  that  characteristic  is  altered. 


For  instance  : D sin.  = Cos. ; D cos.  = — sin.  But  it  must 
be  observed  that  D log.  — 1 — log.  — 

2.  The  sign  D affects  only  the  characteristic  next  following 
it,  thus,  Dtpf  (x)  = (D<p)  ’f(x).  If  it  be  intended  to  affect 
a combination  of  operations,  the  rule  II,  2 must  be  observed. 

Thus,  D (<?/):  x,  Dn  (ip  log.  — I)  : log.  x. 

V.  Every  functional  characteristic  is  affected  by  all  the  cha- 
racteristics preceding  it,  in  the  same  manner  as  if  it  were  a 
symbol  of  quantity. 

VI.  Every  characteristic  of  operation  performed  on  quantity 
affects  all  which  follows  it,  as  if  it  were  one  symbol.  Thus  if 

CL  R 

f (x)  = ax  + bx  + &c.;  we  shall  have 


ax“  + bx13  -f  cxy  -f  &c. 
the  following  abbreviations  are  used 


Thus  (for  example) 


dx 

* 

- X X = X -f  *X  + Z2X  + &C* 


} 
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/Dp  ( x ) = a . |Dp(x)j*-|-&.  | Dp  ( x ) j -f-  &c. 

This  rule  does  not  extend  to  the  signs  D,  d,  A,  <?,/,  Z,  accord- 
ing to  the  remark  in  IV.  1. 

These  rules  will  suffice  to  explain  whatever  may  appear 
obscure  or  capricious  in  the  following  sheets.  We  shall  now 
proceed  to  their  practical  application. 

If  p (t)  be  a function  of  t , developable  in  a series 

A__  00^°°  + A0  + A/  + . . . . A xtx  + • • * A ^ t 05 

p ( t ) is  said  to  be  the  generating  function  of  A^,  and  it  may 

be  said  to  be  taken  with  respect  to  t.  To  this  we  shall  appro- 
priate a peculiar  symbol  G*,  as  follows: 

p (/)  = G;  { A*  J 

When  only  one  symbol  t is  used,  the  index  below  the  G may 
be  understood,  and  our  equation  will  be 

If  p ( t , t')  be  a function  of  t,  t\  developable  in  a double 
series 


+ 


— «»  4,y 


+ + . 
+ A„,_„r./'-“  + 


K.y  t*  ■ I''  + 


,X  00 


Ajr,  „f.? 


A ,y  . t'y  + ....A 

00’  J 00>  00 


p (*,  /')  is  said  to  be  the  generating  function  of  A with 

y 

respect  to  t3 1\  and  may  be  thus  expressed  ; 

*(*•*')  = G\t  {Ky} 

and  so  on,  if  there  be  any  number  of  symbols  t,  t‘,  t ",  &c  To 
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denote  the  sum  of  all  the  terms  of  a series,  we  shall  use  the 
sign  S,  thus, 

(p  (t)  = S | A xf  ] , and  in  like  manner  <p  ( t , /')  = S2*,y  { Ax  y 

.f  .vy}. 

For  t let  ht  be  written,  and  we  obtain 
<P  (ht)  — S {A,  (ht)\  = S {A/  . f ] = G {A^x} 
Thus,  if  the  generating  function  of  A^.  be  (p  ( t ),  that  of  A Jix 
will  be  (p  {Jit). 

Let  this  equation  be  multiplied  by  t~~r}  and  we  get 
t~r  <p  ( ht ) = S {A xhx  . tx-r] 

= S {Ax+rhx+r.t*}  — G { AJ+r  . h*+r\. 
If  then  the  generating  function  of  Ax  be  (p  ( t ),  that  of  A^  + r 

ti*  + r will  be  t~r  . (p  {ht). 

Again,  it  is  easy  to  see  that 

a.  G {A,}  +6.G  {B,}  +&c.  = G { a Ax  + bBx  + &c. } 
and  thus  we  have 

(at~*  + bt~p  + ct~y  + &c.)  . <p  {ht)  = G \akx+*  hz+“  + 

bK+e  hz+e  + &c- } 

and,  if  h = 1 

(at~~*  + bf~ P + &c.)  • <P  (0  =G  j;(i). 

Let  us  express  the  function  tfAx+a  + bAx+@  + &c  by  the 

symbol  vA  and  let 

af  + b£  + cty  + &c.  =/  (0 
vA  then  will  be  the  same  as^  (Ax),  provided  that  in  the 

X 
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developement  of/  ( Av),  be  every  where  written  for  j Ax  j \ 

and  to  derive  the  generating  function  of  vA  from  that  of  A^r,  we 

have  only  to  multiply  the  latter  by  f (A),  thus 

G {vAj  = <P  (t)  ./(A)  ; . . . (2) 

Let  now  v2A  , v3A  , &c.  denote  the  respective  values  of  the 


expression 


aA 


+ bA  r + R + &C' 


X-\-  ct,  * X -J-  /3 

When  instead  of  A^  we  write  vAr,  V2A^.,  &c.  that  is, 

V,+  I = flv'AI+,  + bv’Ax+g  + &c. 
and  it  is  easy  to  see  that  we  shall  have 

G 1V'A*}  = {/(t)  }"•'?’  (0;  • • • . (3)- 
Let  us  now  denote  by  [f  jyj  the  expression 

•a  . r*  + 'b  . r't  + &c. 

and  by  'v  Ax  *be  function  formed  from  / (yj  in  the  same 

manner  as  we  formed  v Ax  from / The  equation  (3) 
then  may  be  thus  written 

G{v,Aj  = {(/r,):y(-f)}i.?(o 

If  then  /)}*  be  developed  by  the  ordinary  methods 

into  a series  of  the  form 


a i 


“ + af  + . • • • a„r  = 

we  shall  obtain 

G{viA,}=S,{«„.  {!/(-$-)  }*}.*  W = S4«..G{VA.}}, 
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and  of  course 

vA'  = "-»  A.r  + aoAx  -f  a,  'vAx  + . . . . 

am  V“  A^; (4). 

"I  hus  we  may  always  develope  \/lAx  in  a series  containing 
only  the  successive  orders  of  VA  , such  as  VA  , &c. 

If  the  developement  of  (*)}*  contain  no  negative 


powers  of  t,  we  have 


a 


{rrlV'-° 


z 


and  consequently 

V^  = {/r‘}i:0.Air  + 


1.2  • • • • • Z 


va  1 

1 * ^ X 1.2 


'v2A*  + &c (5). 

Let  VA*  = Ax+I  — A*,  and  we  have  f 'A]  = \ — 1, 
and  y-1  (0  = 1 + whence  we  obtain 

v'A*=  [/(Of*  A,  + 

A + &c. ; « 

Y 1 


[ / ] 1 ; 1 D*  i f } * ’ 1 

aa*  + — 44—  • a. 


1.2 


(6) 


for  it  is  evident  that  when  t = o,  D~  {/  ( 1 ■+■  0 ] becomes 
{/  : 1*  ta^e  a Particu^ar  case>  vA^  = A.r+i  anc* 

V!Av  = A x+i,f  (y)  = and  D*  {/}  : l = i (i  — l)  . , . . 


(i  — x + l),  whence 

A*+,  = A,  + 4 . A A*  + • A’A*  + &c.  (7). 

* « A A*  = A - A*,  and  VA_ 


Again,  if  we  suppose  vA. 

= A , we  shall  obtain  from  (5) 

A'+  I 

3 M 2 
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a'A  =A  . . Ax+i_,+  'Itil . a . — &c;...(8) 

X .T  -f  Z I T 1.2  X-\-l  — 2 V / 

But  to  proceed.  We  have, 

G {**  Ad  = S { Axx'-  f } =Ji  dJi  d 7f  M*) 

or  which  is  the  same  thing, 

= d{ v ]os~':  losd 

Now, 


(/{<Z>1og  *:  logf)  D log  *):  log*  X d log  t __  , i — i \ . ]nfr  f 

d\ogt  — dlogf  “ l^l0g  J'l0Sr 

(*  log"')  : log* 


and  so  on.  Thus  our  equation  becomes 

G {a'A,.}  =£>*(*  log-'):  log  t 


and,  if/(x)  = ax*  bx°  + &c,  we  see  that 

G{Ax./(x)}  = ( aD“  -)-  bD8  + &c)  (*log-'):  logf 

= (/=  D)  ( <p  log—)  : log  t ; (y) 

If f[x)  be  a rational  integral  function  of  x,  the  second  member 
of  this  equation  will  require  only  the  ordinary  rules  of  the 
differential  calculus  for  its  formation,  and  of  course  the  first 
may  be  rigorously  obtained. 

Conceive  f{t)  and  F (F)  to  be  developed  into  the  two  series 

Sx  \ax^\  an^  S y 9 and  let  us  consider  the  double 

series 

o'  = K,y  { ax  . hxy . f . ty  } 

First,  cr  may  be  expressed  as  follows, 

<r  = s4^S,{A,.(A'/y}}  =sx  {axf.¥{t'hx)} 

But  by  a similar  mode  of  reasoning,  we  should  also  find 


449 


Mr.  Herschel  on  various  points  of  Analysis. 

*-=s,{A A‘f(th’)} 

or,  r=S,  {Ajx.f(lh*)} 

foi  since  x and y vary  through  al i their  values,  these  two  sums 
are  identical.  Equating  then  the  values  of  <r 

S (A xf*.f(th*)}=Gt  [ax.V{t'hx)} 

— (F:  t hD)  (/  log"’ ) : log  t 
Let  t'  = 1,  and  for  li  writing  h — and  adding  or  subtracting 

} = £<iHlAJ;ii^!.(/l0g-.)  : log  (,o) 

II.  On  Logarithmic  Transcendents . 

The  equation  we  have  just  arrived  at  affords  us  a method 
of  exhibiting,  in  a finite  form,  the  sum  of  the  series  in  its  first 
member,  provided  we  possess  the  means  of  obtaining  the 
second  ; and  it  appears,  by  what  we  have  before  remarked, 
that  this  can  be  performed,  whenever  F (/iD)  + F (/r~D)  is  a 
rational  integral  function  of  D.  This  includes  among  the  forms 
of  F those  remarkable  functions  denominated  by  Mr.  Spence, 

“ Logarithmic  Transcendents/'  and  we  shall  now  proceed,  by 
the  help  of  the  general  property  demonstrated  by  that  author 
in  his  “ Essav  &c."  to  derive  from  these  principles  the  sum- 
mation  of  one  of  the  most  extensive  classes  of  series  which  has 
yet  received  discussion. 

Adopting  Mr.  Spence's  notation,  we  will  represent  the 
series 


by  the  symbol  «L  (l  + x).  Tiie  property  then  alluded  to  is 
as  follows : 


«L 


(—  0*  + 

Xn 
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1 + *)  -f  (— i)B.”L  (1  + x 1 ^ __  *1.(2)  . (log.  xY  aL  (2)  . (log.  x) 


1 .2  ....  n 


n — 2 


-p  &C. 


1.2  . . . ( n — 2,) 

continued  as  far  as  it  will  go  without  involving  negative 
powers  of  log.  x.  Supposing  then  F (t ) = nL  ( 1 -f  t)}  and 
writing  eG  for  h we  obtain 

s f (-(■*  + 1 ./(e.j9)  + (— !)"■  /(<.— ^6)  1 — 

C xn  2 3 

D"  + D"-2  + &c-)  (/Ios-') : (») 

A very  remarkable  case  of  this  equation  is  when  t = 1,  or 
log  t = 0,  for  then  D'  (/  ]°g  ,!) : log  l = the  coefficient  of  V in 


1.2 


the  developement  of  jf  log"-1  (£)  or  of  /(e  ).  If  then  we 
suppose 

f ( z)  rrr  a ^ t -j-  d -j-  . ...  a^t  &C. 

we  shall  have  the  following  equation : 


; /(‘J8)  + =°L  (s) . aj”  + 2L  (2) . an_z  dn~ 2 + &c.;  (1 

The  second  member  being  continued  so  long  as  it  does  not 
involve  negative  powers  of  0. 

With  regard  to  the  functions  cL(2j,  2L(2),  &c.  we  have,  as 
is  well  known 

#L(  2 ) ==  1 — l -}-  l - l + &c.  ==  ~ , and 

[S 


“L(2) 


.2JT 1 2X  n 

— I)  7T  # ]3 


1.2 


(2*) 


2.r — i 


B ^ being  the  xth  number  of  Bernouilli. 

The  equation  (12)  by  assigning  specific  forms  to  f (J) 
affords  an  indefinite  variety  of  interesting  results,  of  which  we 
shall  only  notice  a few,  the  most  remarkable. 

1 . Let  fit)  = — . and  for  n write  2 n — 1 , and  W — 1 for  0. 
J v ' v—i  + t 
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Tne  usual  exponential  expression  for  tan.  6,  reduced  into  two 
fractions,  gives 

tan.  9 = 


v/— ! + y-'  v~\  + 8 — W — 1 ; 

Thus,  the  first  member  of  (12)  becomes 

tan.  0 


g J 1)^  + 1 tan- 


. 2n — i 


or,  k < 


in  — 1 


tan.  20  . tan.  30 

- ^ 

1 3 Zn—  1 


2 n- 


(J3) 


& c. 


In  order  to  obtain  the  coefficients  a , a ....  a , in  the 

1 y 2 n — 1’ 

second,  we  have, 


/(*)  = 


1 -j-  1 


z=z  a -U  a . t + a t2  4-  &c. 

0*1  '2  1 


Now  f(et)  may  also  be  thrown  into  the  form 


\T — 1 + ti  v^— i + y 

which  is  the  same  as 

2>  tan.  I ~ 


+ i 


+ VET 


+ 1 


•T 


t 


I tan.  + x1/_1_i.Sec.(^==. 


Thus  the  even  values  of  a are  given  by  the  developement 

of  sec.  f^=  ) and  the  odd  by  that  of  tan.  (^7=)  and  hence 
it  is  easy  to  see  that 

’.2X  1 . ( 22X  — 1 ) 


2X — I 


(~'il+  1 * 

v/— 1 1-2  3 • • • • C2*) 


. B 


2X — I 


(14) 


and 

-1  J 

azx 

12...  (2jr)  . 22A  + 1 I 

&C. 

(i5) 

but  a 

general  value  of 

immediate  consideration 

ZX 


2X 


We  know  that 
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a 


1 12  » • • % X 


. D 


— i 


v/— I + { log  1 j 


: o 


Now  we  have 


D (/ log  ')  = t = 


D2  ( f log  ') : t — 


2(_  v/rr, . 


(>/— 1 + 6^)3 


^ (/  log-1):  * = 


°A  . *xt  + XA  . + . . . •*— *A  . / 


(v/: 


■I  -f  £ 


-f  I 


In  order  to  determine  the  numerator  of  this  fraction,  vve  shall 
adopt  the  elegant  artifice  used  by  Laplace  * on  a similar 
occasion. 


°A  . *~'A  . £f  = (V~  + ,')*+•  . D'  { } 

= — (V—i  + t)x+l . d*  {r‘— 

. ~zt—  “3*  + VZTi.  &c. } 


= (— (V—i  + t1)**1  . 

{ i*.  «-*—  r2t-  s*.  £-3(+  &c. } 

Now,  as  this  equation  is  rigorous,  and  the  first  member  con- 
tains only  positive  powers  of  e\  the  negative  powers  in  the 
second  must  destroy  each  other,  and  may  therefore  be  neglected. 

Expanding  then  (s*  -j-  V — i )‘r+I  in  powers  of  z , multiplying 
together  the  two  series,  and  retaining  only  positive  powers 

of  e\  we  find 


• Laplace.  Mem.  de  l’Acad.  1779.  Sur  l’usage  du  calc,  des  diff.  particlles  dans 

la  theorie  des  suites. 
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A . t**  + . . . *~‘A . 1 — 


{ Si*—  . !*}  v^U..(*“0< 

L-{8x-=±i..'+‘-=±^.i'}. 


|i'.  (a* 

(— 

I — J a*— f+! 


(jf  — z)£ 


~j“  &C. 


And  after  the  substitution  of  o for  t,  or  1 for  e*  and  its  powers 
we  obtain, 

(— 0*+I 


a = 


1. 2 


K-{ 

l-{* 


x(i+  V—i)x+l 

x x+i  xjyr 


x+i  x 
1 


X X-f  I X 1 (jr+  1)  . X X 

. 2 -f  • 1 


1.2 


1 + &C-J 


"i; . . . . (16) 


The  equation  (12)  will  thus  take  the  following  form, 

S{(->r+I-  = Y,  e + Y «3  + . . . Y2„_t  a2"-' ; (17) 

where 

2ZX  \2ZX — 1)  . (2 


ZX  vriZX  fc,2tl 2X 1 ^ ^zn — zx 


Y — 

ZX 1 1.2  ...  . {2x)  X 1.2 


, , . B .B  ; 

(2  n — zx)  zx — 1 zn~~zx — i’ 


2.  Retaining  the  same  form  of  the  function/,  and  of  course 
the  same  value  of  a , for  n write  2 n,  and  for  0,  0 .V  — i,  and 
the  first  member  of  (12)  becomes 

. i{vn.-u,)_s{fc£^}} 

And  the  second, 

. 2”L(a)  - a2. 2,i-2L(2 ) . <J2+  . . . + ( -1  )* . 0L(s)  . fi2”  . 
Now  since  a = — collecting  into  one  the  coefficients  of 

J O i-f  V— I 

2ML(  2),  viz.:  V — 1 — 2tfo,  we  find  their  sum  equal  to  1,  and  of 


course, 


3 N 
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S (S)  = "M  »)+  V •■+  Y, «•  + ...  YM  r ;( ,9) 


where 


Y (— 0 (Q 

IX  . - 


X fn2 n 2X 1 


1 ) . 7T 


2 n — 2X 


1.2  ..  . [2x)  x 1.2  . . . (2 n — 2x)  . 22X  2H  2Jt  1 

f 2X  f 2X  2Xf-  I 2J-)  1 

1 — { s - — • 1 } I 


(20) 


[+  { 5“—  &c  } — &C  J 

If  in  this  equation  for  0 we  write  n + 0,  we  shall  obtain  the 
sum  of  the  series 


lZrt.COS0  ' 2*n  . COS  20  3*”  . COS  30 

And  by  addition,  of 


+ 


.2  n 


+ 


.2  n 


i2n  . cos  0 


+ 


32"  . cos  30 


+ 


$2n  . cos  50 


-{-  &c ; .....  (21 ) 


+ &c; (22) 


3.  Let/ (t)  = ^—1  * , and  let  2n  be  written  for  n and 

— 1 for  0;  and  the  first  member  of  (12)  becomes 


r (_,f+ 1 1 


V—1  . s 

x2n  . COS  X 

Now  the  developement  of  — ~ — - being  aQ  -J-  a t + &c,  that 

V — 1 -ft  0 1 

of/(  s ) will  be 

ao  + *,*+«“]  = 

= {(»-  v/=^)  + t + £ + &c}  •{«<,  + *.*  + «*} 

and  the  coefficient  of  f will  be  found  equal  to 
{i-.v—iya + ^=i  + ^=i  + 

V ' X i 1 1.2  1 1.2  ...  X 

Thus  the  application  of  (12)  gives  the  following  equation 
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x2n  . cus  x9 


= z"L(2)  + Y2S  ■+¥/+...¥„« 


2 n 


where 

Y _ (— I)  *. 


2X 


-0 


2 n 2X 


v: 


B 


■I  . 1.2 


• • • 


2)1  —2X 


j ( l — v/-i) 

— I l ' 


( 2)1 2x) 

a2x  + ly-?  4.  1 

r 1 ^ ‘ * ’ 12.  ..(2*)  J 

Which  compared  with  the  value  of  Y x before  found  (20) 
gives  the  following  singular  equations, 

1 4./  r 

(23) 


. a2c—2  . «2.v— + . O0_iv/_ 

-r^- + txtt  + • • • • — ^ 


1.2 


|.2...(2X) 


a2X  = V-  1 . 3 4. !•  j _ 

h I 1 1.2.3  * 1.2  ..  . (ZX 1 3 

2 * I.2..(2.T)  * ( “4) 

The  latter  of  these  two  equations  affords  the  even  values  of  ax 
in  terms  of  the  odd,  and  hence  we  are  enabled  to  express  the 


sum  of  the  series 


1 


2.C  -f-  I 


— A 1 &c 

,2C-fI  1 r2X-f-I 


2X  -J-  I 


C(i) 


y-  , - j 

by  means  of  the  numbers  of  Bernouilli,  which  Euler  appears 
to  have  considered  as  impracticable.^  We  need  hardly  re- 

* See  “ Essay  on  Logarithmic  Transcendents,”  page  51.  I should  not  omit  to 
observe  that  the  equations  in  p.  69  of  that  work,  expressing  the  value  of  the  function 

nC  (x)  -f  (_  i),z  . ;,C  (x  1 ) when  combined  with  our  equation  (10)  by  making 

ft* 

F (t)  — nC  (i)  — — f-  &c>  afford  a series  of  results,  highly  interesting,  but 

which  the  necessary  limits  of  this  paper  forbid  me  at  present  to  dilate  on. 

f “ Per  bos  autem  numeros  Bernouillianos  secans  exprimi  non  potest,  sed  reguirit 
<<  alios  numeros  qui  in  summas  potestatum  reciprocarum  imparium  ingrediuntur,  si 
**  enim  ponatur, 

ill.  w 

i “ — -p  — « -j-  &C  CL  I ■ 

3 5 7 2 

1 . 1 1 . * 0 »*  . 

I — ——  — — -f~  — — • ~~r ’ ^0. 

33  5 7*  J-2  2 

3 N 3 
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mark  that  the  imaginary  form  here  assumed  by  a is  merely 


apparent. 

To  proceed.  Let  the  equation  (17),  multiplied  by  d&,  be  inte- 
grated between  the  limits  0 and  0,  and  we  find  after  all  reduc- 


tions. 


m 


if) 


In 


(sec  9)  x 1 1 . (cos  29)  x . (sec  3$)  3 1 . See. 

{°+Y,  -7  + Y2„_ . . . (85). 

The  value  of  Y being  given  by  the  equation  (18) 
Again,  if  we  suppose,  for  the  sake  of  brevity 
2nL  (2)  + y2  . f + . . . Y2n  9zn  = U (0) 


log 


— I 


and  2"L  (8)  . + Y . + . . . Y2„  . = D~'  U(«), 

we  shall  obtain,  by  operating  in  the  same  manner  on  (19)  and 
the  equations  derived  from  it,  expressing  the  values  of  the 
series  (21)  and  (22).* 

“ erit  u — i,  j3  rz  i,  <y  — 5,  &c.  ex  hisque  valoribus  obtinebitur 
sec  x — a.  -\ — — xz  -f-  — - — x4  -f-  &c.” 

1.2  1.2. 3-4 

Euler.  Inst.  Calc.  Diff.  Pars  posterior.  Cap.  VIII.  p.  542. 

The  general  value  of  2a+  *C(i)  as  deduced  from  our  equation  (24)  in  terms  of  the 
numbers  of  Bernouilli  is  as  follows; 

I rrr  \ { n 2X  — I , 2X  „ v B 2X — 3,„  2X—2  r 

2X+lC(l)  — [—  **+»  \ 2 (2  ~~  0 2X—I  2 J (2  — I) 

~ V 2 I t I.2.3  . . . (20?)  ’ I 1.2  ...  . [2X — 


. B2a: — 3 
I.2.3 


+ 


+ 


-3  • • • (**) 

/ -\*®—  I 2.(2“— l) 

( — 1^  • 


.2) 


Bi 


1.2 


1.2  ..  . (2X—  1 


> 


. X 


+ ( — l)  • f • 7 7. 

* The  constant  added  to  complete  these  integrals  is  determined  by  makiiyg  0 — 0 

ffl 

in  which  case  since  cot  ( x0)  — 1,  their  first  members  vanish  when  n is  greater 

4 
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S I^+T  loS  cot  (j-t)}  =d_‘  U(9); (26) 

S {^7+7  . log  cot[j- xl)  } = D~'U  (w)  — D— (27) 
7 log  cot 


S{ 

L (2^—i)2?i  + 

D-1  X | U (tt)  + U (S)  - U (tt  +6)  | 


(28). 


In  the  last  of  these  equations,  if  we  write  — ^ + 20)  for 
0,  we  obtain  the  following  equation,  corresponding  to  (25) 


I \ 2W  -{-  I 


(tan  0) 


(f) 


I \2«4-I 


. (cot  30) 


| I j2/l-f  I 

(tan  50)  &c  = 


log"1 


D 1 U (tt)  -f-  D-1  U (—  — —26)  — D 


— 1 


U 


(39)- 


These  are  but  a few  of  the  very  singular  results  which  may 
be  deduced  from  our  equation  (12);  but  I shall  forbear  to 
extend  this  paper  to  an  unnecessary  length  by  any  farther 
applications  of  it. 


than  unity ; but  when  n — o,  the  series  S { — 1 — 1 and  S f - \ be- 

U2"+‘l  l(zx-,)zn+‘  J 

coming  infinite,  they  take  the  forms  oo  x log  (1)  which  is  altogether  vague  and 
inconclusive.  Our  equations  (27)  and  (28),  (29),  then,  are  defective  in  this  case, 
and  we  can  only  conclude  that  the  function 

(tan  0)^  . (cot  30)7  . Sec. 

is  independent  on  9,  or  constant.  There  seems  reason  to  conclude  from  other  prin- 

ciples  however  that  this  constant  is  t g-,  or  more  generally,  e C2i  + 0 8 i being  any 
integer,  positive  or  negative. 
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III.  On  Functional  Equations. 

The  determination  of  functions  from  given  conditions  is  a 
point  of  such  importance,  not  only  in  the  partial  differential 
calculus,  but  also  in  a variety  of  other  branches,  that  it  has 
occupied  the  attention  of  the  most  eminent  Analysts,  and  it 
must  be  confessed,  not  without  considerable  success.  Their 
researches,  however,  have  hitherto  extended  no  farther  than 
to  such  conditions  as  involve  only  the  unknown  function,  <p 
without  any  of  its  superior  or  inferior  orders,  <p%  <p3,  . . . &c, 

p—1,  &c.  It  is  to  equations  of  this  latter  kind,  therefore,  that 
we  now  propose  to  direct  our  attention. 

The  successive  orders  of  any  function  /(x)  may  be  pro- 
duced, either  by  actually  writing/  (x)  for  x in  the  expression 

of/  (x),  in  which  case  the  general  value  of  Jz  (x)  must  be 
concluded  from  induction;  or  more  elegantly  by  the  following 
method. 

Assume/25  (x)  = ug  and  we  have/*+1  (x)  = u% 

0 = u , — f (u  ) 

an  equation  of  differences  whose  integral  will  be  of  the  form 

uz  — F (z>  C) 

C being  an  arbitrary  quantity  independent  on  z.  Let  z ==  e, 
and  we  have 

I (o,  C)  — uq  — j°  (x)  = x 
an  equation  which  gives  C in  functions  of  x. 

For  example  ; let/  (x)  = sx4 — ? , and  we  have 

0 — u , — 2 11'  + 1 

Z-j-  I « * 


and  integrating, 


4 59 
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C-* 


K, 


1 


Now,  if  we  make  uo  = x,  we  get 


C = x -|-  — i 

and  consequently, 

f (*)  = \ { (x  + </ 1*' — if  + (.r  _ vV—  if  }. 

If  we  suppose  <p  (x,y)  to  denote  any  function  of  x andjy, 
and  conceive  this  expression  substituted  for  x,  as  follows ; 

<?  {<p  (^0)0}. 

we  shall  have  the  second  partial  function,  taken  with  respect 

to  x,  which  we  may  denote  thus,  <p2’ 1 (x,y).  If  we  repeat, 
or  conceive  repeated,  this  operation  m times,  we  shall  have  the 
mth  partial  function  with  respect  to  x: 

' (x,y)  — <P  {f”'-1'1  (x,y)  ,y}. 

If  the  m\h  partial  function  with  respect  to  x be  in  like  manner 
successively  substituted  n times  for  y in  the  expression  <p  (x,jy), 
we  shall  obtain  a result, 

m,  n , \ t in,  n — i / \ 

<p  (x>y)  = {x,  <p 

and  so  on  for  more  variables,  w,  &c.  — . An  equation  con- 
taining any  number  of  the  successive  orders  f (x)  = x,  <p  (x), 

. ...  <pn  (x),  of  a function  <p,  and  from  which  9 is  to  be  deter- 
mined, is  called  a functional  equation  of  the  ?zth  order,  in  <p. 
Thus  the  equation 

0 = <p2  (x)  — (1  + b)  . <p  (x)  + bx 
is  a functional  equation  of  the  second  order,  and  is  satisfied  by 
the  following 

(x)  = a + bx. 
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An  equation  between  any  number  of  the  partial  functions 
m,  n,  &c  (x,  y,  zt  & c)  for  determining  the  form  of  9 (x,y, 

z,  &c)  is  called  an  equation  of  partial  functions,  and  its  order 
may  be  denoted  in  the  same  manner.  Thus 

0 = <T’  ' {*,y)  + <?'’ 2 {*>y)  — {a  + b+i).  <p  (x,y)  + c 
is  an  equation  of  partial  functions  of  the  second  order  with 
two  variables,  and  is  satisfied  by  the  equation 

<P  (x,y)  = ax  + by  + c 

Let  9 (x)  be  a function  of  x,  and  a certain  number  of  con- 
stants aybjC , . . . And  from  this  expression  conceive  9“  (a:),  9^ 
(x)  &c  to  be  successively  formed  which  will  be  functions 
also  of  a , b,  &c.  If  the  number  of  these  constants  be  n,  we 
may  thus  produce  n + 1 such  functions  of  them,  which  will 
be  respectively  equal  to  the  several  orders  of  9 which  they 
represent.  Thus  we  have  n -f-  1 equations  involving  the  n 
quantities  a , b,  c,  &c  which  may  therefore  be  eliminated,  and 

the  resulting  equation  between  x,  (x),  9^  (x)  &c  will 
therefore  be  independent  on  them.  As  far  then  as  regards 
this  equation  they  are  arbitrary,  so  that  in  reascending  from  a 
functional  equation  which  contains  n 1 different  orders  of  9 
(not  including  90  (x)  or  x)  n arbitrary  constants  must  be 
introduced.  The  reasoning  here  made  use  of  is  sufficiently 
plausible,  and  in  fact,  no  other  than  has  been  adduced  in  de- 
monstration of  well  known  and  important  truths.  The  con- 
clusion too,  to  the  extent  of  its  literal  meaning,  is  correct. 
But  we  have  here  to  notice  a paradox  of  a very  singular  nature, 
\iz:  that  even  in  the  simplest  cases  imaginable  (such  as  92  (x) 
= x)  the  general  expression  for  9 (x)  may  contain,  not  one 
or  two,  but  an  unlimited  number  of  arbitrary  constants,  nay 
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even  one  or  more  arbitrary  functions.  A nearer  attention  to 
every  step  of  the  above  reasoning  will  explain  this  paradox. 
But  what  has  been  said  will  serve  to  make  us  cautious  in  trust- 
ing implicitly  to  all  its  other  applications. 

Problem  I.  To  determine  cp  (x)  from  the  equation  of  (x) 
= x.  Assume  % a function  of  x,  and  m a functional  charac- 
teristic, which  shall  satisfy  the  following  conditions 

x = u , <p  (x)  = u , . 

From  these,  we  obtain 

<p  (x),  that  is,  <p  (ux)  or  (<pu)z  = uz+i ; ( a ) 

and  (p1  (x)  or  <p  j<p  (x)  j = ( $u = x = uz;  . . . • {b) 
and,  subtracting,  {w)z+l  — (*“)*  = “ K+1  — wz) 

that  is,  A { (Qu)z  + u%\  = (0 

and  integrating, 

0 — (<pu)%  + + C. 

Now  by  cross-multiplication  of  the  equations  (a)  and  (6)  we 
find, 

u , . (<pu)  , t = u . (<pu)  . 

Thus  the  function  u . (<pu)v  does  not  vary  when  % changes 

to  z-j-  1,  and  of  course  must  be  considered  as  constant  in  the 
integration  of  (c).  C therefore  may  be  any  function  of  uz . [<pu)zf 

and  thus  our  equation  becomes 

0 = uz+  (<pu)K+f{uK-P(uz)j 

or  0 = x + <p  (x)  +/  {x  . <p  (x)} 
an  equation  from  which  <p  (x)  may  be  obtained  for  any  as- 
signed form  of  the  function  f.  Thus  if/  (x)  = a + bx, 
mdcccxiv.  3 0 
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0 a — {—  x (1  -j-  bx^j  . <p  ^ x ) 
and  *(*)  = - ££ 

which  satisfies  the  condition  proposed  ; and  bv  giving/ other 
forms,  we  should  obtain  other  values  of  <p  (x). 

The  subsidiary  function  zf  and  the  characteristic  u are  not 
then  necessary  to  be  known  but  as  a matter  of  curiosity.  They 
may  however  be  found  when  <p  is  determined,  by  the  resolu- 
tion of  the  equation  of  differences  <p  («/  = m i which  gives 

the  form  of  the  function  u ~ in  z,  and  z is  given  by  the  equation 

x = m , or  z = u~l  ( x ). 

Aliter.  Assume  as  before,  x = cp  (x)  = « f 
then  we  have 

* K+.)  = W 

Now,  x = therefore  <p  (x)  = <p  («z),  that  is,  2^  = («j 

and  for  2;  writing  z — 1 , w = cpu  which  being  substituted 

X X mmm  I 

in  (d)  gives 

Now  this  is  a perfect  function  <p  on  both  sides,  and  of  course, 
taking  the  inverse  function  <p— 1 on  both  sides 

u = u 

whence, 

uz  = C | cos  27T2;]  + ( — 1)*  . C'  | cos  27 rzj 

C and  C'  being  two  arbitrary  functional  characteristics.  Now 
u = x,  and  consequently 

X = C | COS  2ttZ  j -f  ( — 1 Y . C'  | COS  2-rrZ  | . 

From  this  conceive  z found  in  functions  of  x , and  call  it  Z (x) 
then, 
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U%+  , = <P  (X)  = C { COS  2ttZ  (x)  } - (-  1 f(X)  . C'  { COS  2ttZ  (x)  } . 

This  method  applies  also  to  the  more  general  equation  <p 2 (x) 
=J  (x)>  by  the  substitutions  j (x)  ~ u , <p  (x)  = ,but, 

owing  to  the  transcendental  equations  it  introduces,  must  be 
regarded  as  totally  ineffectual  and  useless. 

Prub.  II.  Given  <pw  (x)  = /(x).  Required  at  least  one 
satisfactory  value  of  <p  (x). 

Let  the  general  expression  of  f~  (x)  in  functions  of  z and  x 
found  according  to  the  method  above  explained  be  F j z,  x j: 

1 

we  have  then  q>n  = /,  and  <p  = /w,  that  is 

1 

<p  (x)  =j ^ (x)  = F {7,  x}. 

Ex.  1.  Let/ (x)  = 2X2 — 1,  or  <p2  (x)  = 2X2 — 1,  and  we  find 

f (x)  = i{(*  + v'V—  1 ) 2*  + (x  ~ v/x2—  1)2  } 
and  of  course 

f~  (x)  = P {X)  = i { (X  + ^7~T)W~  + (x  - v'F=7)’/r  } • 
We  may  here  observe  that  any  one  of  the  n values  oj  W 2 will 
equally  afford  a satisfactory  value  of  (x). 

Ex.  2.  Let  pn  (x)  = =±§ f =/(x) 

Assume  73-  = * : 

and  we  shall  find 


—,?  = {•>  + «s}l,'  = 


/"  (x)  or  p (x)  = 


| a -f  (zj — f*)x  | . > n — | + (cr+ft)  X | 

- - -y 

| h — (cr-f /*)  | " — | 4-  (w— £ 


where  any  of  the  n values  of  vn  may  be  taken,  and  thus  as 

3 O 2 
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many  different  values  of  <p  (x)  be  obtained.  This  example 
depends  on  the  integration  of  an  equation  of  differences  of  the 
form 

o — u . u 4-  A . w -i-B.i/  -j-  C 

z+i  z 1 ss-fi  • z 1 

a particular  case  of  which  had  been  previously  integrated  by 
Laplace  in  the  Journal  de  TEcole  Polytechnique. 

Ex.  3.  To  take  an  instance  of  the  application  of  these 
equations  to  geometrical  pro- 
blems, let  AM  be  an  hyper- 
bola whose  axis  is  CP  and 
centre  C,  and  let  it  be  re- 
quired to  find  a curve  am 
such  that  drawing  the  ordi- 
nate PMm , making  Cd  = r 
Pm  and  again  erecting  dl 
parallel  to  PM,  if  this  be  repeated  n times  the  last  ordinate/^ 
shall  be  equal  to  PM.  Let  y — <p  (x)  be  the  equation  of  am 
andy2=  (1  — e~)  (a2  — x2)  that  of  AM,  then  dl  = q>  (Cd) 
= tp  (Pm)  = <p 2 (x)  and  in  like  manner, fk=  <pn  (x)=PM,  that 
is,  (pn  (x)  =f(x)  = v/(  1 — P)  (a2  — x2);  consequently, 

1 i_  1 

/"  ( x)  = <P  (x)  = { (e2 - ] ) * . i)n  -i\  . a 2p. 


Thus  we  see,  that  am  is  also  an  hyperbola,  whose  centre  is  C, 
and  calling  a ' and  e ' its  semiaxis  and  excentricity,  we  have 

e'  = -A (7Z  i)v  + 1,  and  a'  = a . { 


If  AM  be  a right  angled  hyperbola,  or  e — s/  2 , we  shall 
have  e*  = 2 and  a'  = ; that  is,  am  is  also  a right  an- 

gled  hyperbola,  having  its  axis  part  of  that  of  AM.  If  e 
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be  < 1,  and  n o ld,  we  shall  have  e'  also  < 1.  Thus  if  the  curve 
AM  be  an  ellipse,  am  is  also  a concentric  ellipse.  The  equa- 
tions of  Ex.  2.  geometrically  expressed  afford  a property  of 
the  hyperbola  something  similar. 


IV.  On  differential  Equations  of  the  first  degree. 

Any  equation  of  this  species  may  be  reduced  to  the  form 
0 = —I—  1 A . Du  -f- 2 A . D2  u + . . . . nA  . D nu  + X ; . . . ( 1 ) 


u being  the  unknown,  and  ’A,  . . . . 7ZA,  X,  known  functions 
of  x . To  integrate  it,  assume  the  following  equations 

U + locDu  = u ^ 


u 


(0 


+ 2ocD  u 


(0 


= u 


(2) 


> 


u(n-2)  l) 

U{n~' ’+  \Du{n-']  + X = itn]  = 0 _ 

(0  (i»— r 

From  these,  eliminating  successively  u , . . . u 
obtain 

= u -j-  1 oc  . Du 

U{2)  =ZU  + (lu  + 2cc  + 2etDla)  .Du+'oc.2*.  D2  U 


• • • * 9 

0 = u{n)=u  + {V  + ,«(i  + D,*)  + &c}.D#+ 

'a.2«...n*.D”u+X; (8) 

The  comparison  of  the  coefficients  of  this  equation  with  A, . . . 
^*A,  gives  n equations  for  determining  . . . nct , into  which  X 
does  not  enter.  Consequently  these  functions  are  independent 
on  X,  and  therefore,  the  same  as  if  X = 0.  Now  the  successive 

integration  of  (2 ) gives 
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r^-m  - %)j 

—\f —xdxn  . r±. 

y »a  loS  J «a  1 


U) 


which  by  writing  o for  X,  and  adding  a constant  at  each 
integration  becomes, 

/log  1 Cl(lx  ___  \ 

— 7 ■vi.^+&c. 

Now,  if  be  the  particular  integrals  of 

o = u + ’A  . Dm  + "A  . Dnu  ; (6) 

we  shall  have,  when  X = o, 

u = 'C.  [l)u  + 2C . (2)«  + 3C  . (3'm  + &c. 

And  comparing  this  with  the  expression  (5),  we  find 
~ = Dlog(,)w; 

=^  = Dlogl,«.(,>«.D^-'l; 
v (■)„  j’ 

£)  1 

^ = Dlogj'«.  2«.  <Vd^-.D  -1%.  [. 

u<*>.  J 

&C  = & C. 

Suppose  now  that  by  any  means  whatever  we  can  discover 

n — 1 particular  integrals  ^u,  . . . . *\i,  of  (6),  the  original 

equation  deprived  of  its  last  term  : then  by  the  help  of  the  first 

n—  1 of  these  equations,  the  values  of  lcc,  ....  "“‘a*  are  given. 
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and  from  these,  na  may  be  derived  by  considering  that  the 
comparison  of  the  equations  (1)  and  (3)  gives 


I 2 71  — I 

a • ££*•••  oc 


n wa  ^ a n a / 1 w— 1 % — 1 

. a = A,  or  a = A . ( a . . . a) 


Having  obtained  ....  nothing  more  is  requisite  for 
obtaining  a complete  integral  of  (1),  than  to  substitute  their 
values  in  equation  (4). 

The  method  here  delivered  of  obtaining  the  known  theorems 


respecting  the  equation 

0 ==  u + 1 AD u + . . . "A  . Dnu  + X 

appears  to  have  the  advantage  in  point 
of  conciseness  over  any  I have  hitherto  met  with ; a sufficient 
apology  for  the  revival  of  a subject  whose  theory,  and  whose 
difficulties  have  been  so  long  and  completely  understood. 

In  the  case  when  X = 0 and  *A,  . . . ”A  are  constant,  the 
method  of  separating  the  symbols  of  operation  from  those  of 
quantity,  may  be  introduced  with  great  elegance. 

Let^>,  q,  r,  &c  be  the  roots  of 


D 


71 — I 


+ • ‘ * + 


I 

"A 


and  the  equation  ( 1 ) becomes 

0 = (D  — p){D  — q)  . . . &c  : u 
which  is  satisfied  by  either  of  the  equations 

0 ==  (D  — />):  u,  0=  (D  — q) : u,  &c.  or, 

Du  = pu , Du  — qu,  &c. 

Now  these  equations  integrated  give  the  following 

u = g**,  u = u = e",  &c. 

which  are  the  particular  integrals  of  the  proposed,  and  of 
course  its  complete  integral  will  be 

u = C . g/-  + 2C . f + 2C  . trx  + &c. 
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If  there  be  m roots  equal  to p,  we  have 

(D — p)m:  u—o , or(D — p)m : u x z~px  = o. 

Now,  ( D — p)m  : u . i~px  = Dm  j u . e~^r  j = o. 
Therefore,  integrating  m times 

u . rpx=:0C  + ’C.  * + . . . . W“IC. 
and  u = (°C+  'Cz  + . . . . m-C  . x'"— } /* 
which  is  the  part  of  the  integral  arising  from  the  equal  roots p. 

JOHN  F.  W.  HERSCHEL. 


London,  Jan.  29,  1814, 
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XIII.  Observations  on  the  Functions  of  the  Brain . By  Sir 

Everard  Home,  Bart . F.  R . 

Read  May  26,  1814. 

rp 

i he  various  attempts  which  have  been  made  to  procure 
accurate  information  respecting  the  functions  that  belong  to 
individual  portions  of  the  human  brain,  having  been  attended 
with  very  little  success,  it  has  occurred  to  me,  that  were  anato- 
mical surgeons  to  collect  in  one  view  all  the  appearances  they 
had  met  with,  in  cases  of  injury  to  that  organ,  and  the  effects 
that  such  injuries  produced  upon  its  functions,  a body  of  evi- 
dence might  be  formed,  that  would  materially  advance  this 
highly  important  investigation. 

For  this  purpose,  I have  brought  together  the  following 
observations  collected  in  the  course  of  my  professional  pursuits, 
stating  them,  as  so  many  experiments  made  upon  the  brain, 
with  the  conclusions  which  tend  to  elucidate  this  particular 
inquiry,  referring  to  the  notes,  for  fuller  information. 

The  materials  that  can  be  furnished  by  an  individual,  are 
necessarily  very  small ; they  may  however  be  sufficient  to 
shew  the  advantages  to  be  derived  from  this  mode  of  inves- 
tigation, and  by  that  means  connect  still  more  closely  the 
pursuits  of  anatomy  with  those  of  philosophy. 
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SECTION  I. 

The  effects  produced  by  an  undue  pressure  of  water  upon  the  Brain. 

Before  I enter  into  the  particular  effects  that  take  place 
when  pressure  is  made  upon  the  brain  by  means  of  water,  it 
is  necessary  to  mention  that  sudden  pressure  of  any  kind  upon 
the  cerebrum,  takes  away  all  sensibility,  whether  made  upon 
the  external  surface  through  the  medium  of  the  dura  mater,* 
or  upon  the  internal  parts  through  the  medium  of  the  ven- 
tricles, -f  and  sensibility  returns  as  soon  as  the  unusual  pres- 
sure is  removed. 

Faintness  is  the  consequence  of  the  pressure,  to  which  the 
cerebrum  has  been  accustomed,  being  suddenly  taken  off.  J 

I am  induced  to  believe  that  pressure  to  a certain  degree  uni- 
formly kept  up,  is  necessary  for  the  performance  of  the  healthy 
functions  of  the  cerebrum  ; and  any  increase  or  diminution 
of  this  pressure  puts  a stop  to  them.  It  is  asserted,  that  in 
addition  to  this  pressure,  the  pulsatory  motion  of  the  blood  in 
the  arteries  of  the  cerebrum  is  also  necessary ; but  the  late 
John  Hunter,  whose  accuracy  in  a point  of  this  kind  is  not  to 
be  doubted,  retained  his  senses  although  the  heart  had  appa- 
rently ceased  to  act.§ 

* After  the  operation  for  the  trepan,  before  the  skull  at  that  part  is  ossified,  pres- 
sure upon  the  brain  with  the  finger  produces  insensibility. 

f This  I have  seen  in  cases  of  spina  bifida,  by  pressing  upon  the  tumour  in  the 
back,  and  forcing  the  water  up  into  the  ventricles. 

j The  removal  of  a coagulum  of  blood,  half  an  inch  thick,  between  the  skull  and 
dura  mater,  made  the  pulse  nearly  stop,  but  as  soon  as  he  recovered  from  this  faint 
state,  the  person  was  perfectly  well. 

$ Vide  Life  of  John  Hunter  prefixed  to  his  work  on  the  Blood,  Inflammation,  and 
Gun-shot  Wounds.  The  account  is  transcribed  from  his  own  notes. 
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Although  insensibility  is  the  common  effect  of  undue  pres- 
sure upon  the  cerebrum,  it  appears  from  what  will  be  stated, 
that  it  is  not  a necessary  consequence  of  undue  pressure  upon 
the  cerebellum. 

I he  facts  which  have  been  stated  appear  to  point  out  the 
use  of  the  water  in  the  ventricles  of  the  brain,  and  they  ac- 
count for  the  great  variety  which  is  met  with  in  the  form 
and  extent  of  the  posterior  cornua  of  the  lateral  ventricles, 
their  size  varying  according  to  the  quantity  of  water  which 
is  necessary  to  keep  up  the  pressure  required. 

The  size  of  the  ventricles  would  appear  to  be  very  imma- 
terial, since  even  when  they  are  increased  so  as  to  contain 
above  six  ale  pints,  the  functions  of  the  brain  are  all  carried 
on,  and  the  growth  of  the  body  proceeds  ; but  after  the  skull 
is  completely  ossified,  an  increase  of  two  or  three  ounces  pro- 
duces insensibility. 

That  the  ventricles  should  admit  of  being  increased  to  so 
great  an  extent,  without  any  of  the  senses  or  faculties  of  the 
brain  being  destroyed,  is  in  itself  a curious  fact,  and  of  so 
much  importance  with  respect  to  the  physiology  of  the  brain, 
that  I shall  detail  the  two  following  cases,  which  illustrate  one 
another. 

In  the  one,  the  accumulation  of  water  proceeded,  as  it  will 
appear,  as  far  as  it  could  go  without  materially  impairing  the 
organ ; it  then  stopt,  and  the  boy  grew  up,  with  all  his  fa- 
culties : in  the  other  the  water  continued  to  increase,  the  sub- 
stance of  the  cerebrum  was  absorbed,  and  the  faculties  of  the 
brain  were  destroyed. 

A boy  at  a month  old  had  so  rapid  an  increase  of  the  size 
of  his  head,  as  to  evince  an  accumulation  of  water  in  the  brain ; 
and  when  he  was  five  years  old,  the  head  was  so  large  that  the 
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parents,  judging  from  recollection,  believe  that  it  never  after 
increased.  It  was  so  transparent,  that  when  exposed  to  the 
sun  the  rays  passed  through  it  as  they  would  through  a horn 
lantern.  He  was  unable  to  walk.  At  this  age,  he  caught  the 
natural  small-pox,  which  was  so  violent  as  nearly  to  prove  fatal. 
Upon  his  recovery,  the  head  shewed  no  disposition  to  increase, 
and  the  child  in  all  respects  began  to  improve,  and  for  the 
first  time  learnt  to  walk.  At  fourteen,  the  skull  appeared 
completely  ossified.  At  nineteen  years,  the  time  I saw  him, 
he  was  five  feet  six  inches  high  ; his  head  measured  in  cir- 
cumference g3|-  inches.  He  had  grown  in  the  course  of  the 
last  year  about  two  inches,  which  is  more  than  he  had  usually- 
done  in  any  one  year. 

All  the  organs  of  sense  are  entire  ; savoury  food  is  agree- 
able to  his  taste,  but  he  is  moderate  in  eating.  His  sight  is 
good,  but  looking  with  attention  at  objects  more  than  half  an 
hour,  appears  to  strain  his  eyes.  His  head  is  so  heavy,  that 
the  muscles  of  the  neck  are  unable  to  support  it  for  many 
hours  together : when  he  lies  down,  the  head  is  supported  by 
another  person. 

He  sleeps  with  most  ease  on  the  right  side,  and  the  left  side 
of  the  head  appears  to  the  eye  to  be  rather  the  largest.  In 
lying  down,  there  is,  what  he  describes  to  be,  a momentary 
thrilling  heat  felt  on  the  upper  part  of  the  brain,  in  the  line  of 
the  longitudinal  sinus  Lying  on  his  back  strains  his  eyes  so 
much,  that  he  cannot  continue  in  that  posture  ; stooping  for- 
wards brings  an  oppression  upon  his  eyes.  The  least  weight 
in  his  hand,  as  a tea  cup,  makes  it  tremble:  all  sudden  noises 
jar  his  head,  and  produce  giddiness.  When  he  falls  down,  the 
jar  renders  him  insensible;  at  one  time  this  was  the  case  for  fif- 
teen minutes,  without  being  attended  with  any  bad  consequences. 
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His  head  aches  when  exposed  to  heat.  He  has  had  no  illness 
since  the  small-pox.  His  sleep  is  easily  broken : he  never  dreams. 
He  is  fond  of  reading  and  writing  ; has  a taste  for  poetry, 
and  can  repeat  verses  out  of  Cowper.  His  memory  of  com- 
mon things  is  very  good.  He  never  expressed  any  attach- 
ment or  passion  for  women.  He  is  of  a mild  disposition;  but 
when  irritated,  his  whole  frame  is  in  a state  of  agitation,  which, 
however,  soon  goes  off. 

In  another  boy,  the  enlargement  of  the  head  was  perceived 
at  three  months,  and  increased  for  three  years ; and  then  ap- 
peared to  be  stationary,  and  the  child  till  that  period  was  sen- 
sible. The  upper  part  of  the  skull  from  that  time  began  to 
ossify,  and  in  three  years  more  there  was  only  an  irregular 
space  at  the  fontanelle,  and  a small  space  between  the  two 
portions  of  the  os  frontis  remaining  open.  The  child  con- 
tinued sensible  till  three  years  old,  and  then  became  gradually 
less  so,  did  not  know  what  it  did;  heard  sounds,  but  could  not 
see.  At  six  years  old  he  died. 

The  child  was  three  feet  three  inches  high,  the  skull  twenty 
seven  inches  round ; the  water  contained  in  the  two  lateral, 
and  third  ventricles  was  six  ale  pints  and  a half  in  quantity. 
The  cerebrum  formed  a thin  case  of  medullary  substance  sur- 
rounding this  cavity.  The  cerebellum  was  entire.* 

* The  lining  of  the  lateral  ventricles  was  tough  ; the  septum  lucidum  elongated  so 
that  the  corpus  callosum  was  raised  up  close  to  the  skull,  the  falx  of  the  dura  mater 
being  nearly  obliterated.  The  water  in  the  third  ventricle  had  split  the  fornix  and 
septum  lucidum  into  two,  and  the  thin  membranes  of  the  septum  had  holes  in  them, 
making  a communication  between  the  third  and  lateral  ventricles.  The  substance 
of  the  brain  surrounding  those  cavities,  as  well  as  the  pia  mater  covering  it,  had 
no  convolutions;  there  was  one  continued  smooth  surface.  On  the  right  side, 
upon  which  the  child  was  usually  laid,  there  were  no  remains  of  medullary  or 
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lb.  oz.  dr. 

The  weight  of  the  whole  brain  was  - - 231 

The  weight  of  the  whole  brain  of  a child  between 

six  and  seven  years  - - - 2120 

The  preceding  facts  explain  satisfactorily  that  the  cerebrum  is 
made  up  of  thin  convolutions  of  medullary  and  cortical  sub- 
stance surrounding  the  two  lateral  ventricles ; which  are  un- 
folded when  the  cavities  of  those  ventricles  are  enlarged,  and 
in  this  unfolded  state  the  functions  belonging  to  this  part  of 
the  organ  can  be  carried  on. 

Although  the  quantity  of  water  may  be  so  much  increased 
without  material  injury  to  the  functions  of  the  brain  when  the 
skull  is  not  ossified,  yet  after  that  period  even  a few  ounces 
in  the  lateral  ventricles  has  been  known  to  produce  so  much 
undue  pressure,  as  to  bring  on  head-ache,  general  uneasiness, 
a sensation  as  if  the  head  were  too  large,  loss  of  spirits,  con- 
vulsions, loss  of  memory  of  recent  events,  idiotism,  insensibi- 
lity, and  death.* 


cortical  substance,  and  there  the  pia  mater,  and  dura  mater  adhered  together. 
There  was  no  remaining  brain  between  the  third  ventricle  and  sella  turcica.  On  the 
left  side  of  the  left  hemisphere  the  medullary  and  cortical  substance  was  only  half 
an  inch  thick.  The  corpora  striata,  and  thalami  nervorum  opticorum  were  small 
and  tough : the  union  between  the  thalami  was  elongated  into  a broad  flat  ligament. 
The  two  commissures,  and  iter  ad  infundibulum  had  the  natural  appearance.  The 
pituitary  gland  had  become  flattened.  The  fourth  ventricle,  tuberculum  annulare, 
and  cerebellum,  had  nearly  the  natural  appearance.  The  olfactory  nerves  were  tough 
and  small ; the  optic  nerves  had  no  medullary  pulp ; the  other  nerves  going  out  of 
the  skull  had  undergone  no  change. 

* One  ounce  and  half  of  water  in  the  lateral  ventricles,  at  4§  years  old,  were  ac- 
companied by  pain  in  the  head,  and  great  general  irritability.  Five  ounces  at  7 years 
by  insensibility  for  14  days  before  death.  Two  ounces  and  one  half  at  9 years  by 
violent  head-aches,  an  unwillingness  to  be  moved,  and  stupor.  Three  ounces  at  1 1 
years  were  attended  with  loss  of  recollection  of  recent  events.  This  began  at  the 
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When  the  water,  instead  of  being  contained  in  the  general 
cavities  of  the  lateral  ventricles,  is  principally  confined  to  their 
posterior  and  anterior  cornua,  the  effects  sometimes  are 
occasional  constipation,  pain  in  the  bowels,  and  lower  part  of 
the  belly. * When  accumulated  in  the  third  ventricle  without 
any  increase  in  the  lateral  ones,  distressing  pain  in  the  head, 
loss  of  speech,  and  insensibility  have  occurred.  When  ac- 
cumulated in  the  ventricles  of  the  brain,  and  also  under  the 
tuberculum  annulare,  painful  sensations  in  the  stomach,  bowels, 
lower  belly,  and  across  the  legs  have  been  met  with.  J When 
not  only  in  the  ventricles,  but  between  the  tunica  arach- 
noides  and  pia  mater  over  the  hemispheres,  and  also  upon 
the  tubercula  quadrigemina,  the  apparent  consequences  in  one 


age  of  j o.  A stupor  of  1 2 days  preceded  death.  Four  ounces  at  1 1 years  were  followed 
by  the  sensation  of  the  head  being  too  big,  loss  of  speech,  insensibility,  convulsions. 
Eight  ounces  at  74  years  were  accompanied  by  a state  of  idiotism  for  ten  days,  and 
then  death. 

* Five  ounces  of  water  contained  principally  in  four  small  cells,  two  in  the  ante- 
rior and  two  in  the  posterior  cornua  of  the  lateral  ventricles,  at  6 years  of  age,  were 
the  only  evident  cause  of  pain  in  the  lower  part  of  the  belly,  occasional  constipation, 
and  violent  pain  in  the  bowels. 

f Two  ounces  of  water  in  the  third  ventricle,  enlarged  by  the  layers  of  the  septum 
lucidum  being  separated,  at  30  years  of  age,  appeared  to  produce  distressing  pain  in 
the  head,  loss  of  speech,  and  insensibility.  Two  drams  of  water  in  the  third  ventricle 
of  an  aged  dog,  were  attended  for  four  years  by  fits  like  apoplexy,  pain  in  the  head 
only  relieved  by  opium,  convulsions,  and  death. 

I Two  ounces  of  water  in  the  lateral  ventricles,  if  ounce  under  the  tuberculum 
annulare  between  the  tunica  arachnoides  and  pia  mater,  at  5 years  of  age,  were 
followed  by  painful'  sensations  in  the  lower  belly,  stomach,  and  bowels. 

Two  ounces  of  water  in  the  ventricles  one  under  the  tuberculum  annulare,  at  three 
years  appeared  to  produce  not  only  painful  sensations  in  the  lower  belly,  stomach, 
and  bowels,  but  pain  in  the  head  and  pain  across  the  legs,  as  if  they  were  cut  with  au 
instrument. 
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case  were  depression  of  spirits,  pain  in  the  back  of  the  head, 
and  mania.*  When  in  the  ventricles,  and  also  between  the 
tunica  arachnoides  and  pia  mater,  and  between  the  dura  and 
pia  mater,  melancholy,  imbecility,  apoplexy,  and  paralysis  of 
one  side,  have  been  the  accompanying  symptoms,  f When  in 
the  ventricles,  where  there  has  been  an  unusual  vascularity 
of  the  dura  mater,  violent  affections  of  the  praecorclia  have  oc- 
curred in  the  night  during  sleep,  which  have  led  to  suicide .J 
When  between  the  dura  and  pia  mater  in  considerable  quan- 
tity, a state  of  melancholy  and  imbecility  of  mind  has  been 
met  with.  § 

* Water  in  the  third  ventricle  in  sufficient  quantity  to  separate  and  keep  apart  the 
thalami  nervorum  opticorum,  also  between  the  tunica  arachnoides  and  pia  mater,  over 
the  hemispheres,  and  under  the  tubercula  quadrigemina,  in  an  adult,  were  attended  by 
pain  in  the  back  of  the  head,  low  spirits,  and  after  drinking  wine,  very  high  spirits. 
This  ended  in  mania,  and,  after  three  months,  in  death. 

f Two  ounces  in  the  lateral  ventricles,  one  between  the  dura  and  pia  mater;  the  space 
between  the  tunica  arachnoides  and  pia  mater  loaded  with  it,  the  consequences  of 
attacks  of  inflammation  upon  the  coverings  of  the  brain  in  an  adult  were  attended 
by  these  symptoms.  The  paralysis  took  place  after  the  last  apoplectic  fit,  and  death 
ensued. 

1 Two  ounces  in  the  lateral  ventricles  and  a very  unusually  vascular  state  of  the  dura 
mater  in  an  adult  was  followed  by  these  effects. 

§ A gentleman  fell  from  a horse.  From  that  time  he  had  head-aches,  gradually  be- 
came melancholy  and  imbecile.  He  lived  three  years  in  that  stale.  Four  ounces  of 
water  were  found  between  the  dura  and  pia  mater,  on  the  right  side.  There  was  an 
exostosis  £th  of  an  inch  long  from  the  parietal  bone  with  a sharp  point,  in  contact 
with  that  part  of  the  dura  mater  under  which  the  water  lay.  There  were  four  ounces 
in  the  lateral  ventricles,  the  posterior  cornua  were  very  small,  there  were  also  three 
ounces  on  the  basis  of  the  skull. 
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SECTION  II. 

The  effects  produced  by  concussion  of  the  Brain. 

Concussion  of  the  brain  produces  delirium  and  coma ; these 

symptoms  go  off,  they  sometimes  in  a few  days  return  and 
prove  fatal.* 

In  the  torpid  state  commonly  attendant  upon  any  violent 
shake  being  given  to  the  brain,  the  senses  are  so  much  impaired 
that  little  information  can  be  gained  respecting  the  effects 
produced  upon  the  internal  organs.  The  bowels  have  been 
found  under  such  circumstances  to  be  acted  on  by  aperient 
medicines  with  great  difficulty. -f* 

SECTION  III. 

The  effects  produced  when  the  blood  vessels  of  the  Brain  are  pre- 

ternaturally  dilated  or  diseased. 

Sudden  dilatation  of  the  blood-vessels  of  the  cerebrum,  in 
consequence  of  exposure  to  the  sun,  is  sometimes  accompanied 
by  delirium  ; loss  of  speech  and  the  power  of  swallowing. J 
A dilated  state  of  the  veins  of  the  cerebrum  has  been  attended 


* This  happened  in  two  cases,  and  no  appearances  of  alteration  of  structure  in  the 
brain  were  met  with  after  death. 

f A gentleman  fell  from  his  horse,  and  had  a concussion  of  the  brain.  While  in 
that  state  it  required  60  grains  of  jalap  and  20  of  calomel  to  procure  one  evacuation 
from  the  bowels. 

% In  a case  of  coup  de  soleil  in  the  West  Indies  these  symptoms  were  produced,  and 
the  person  died  in  two  hours.  The  brain  was  examined  four  hours  after  death.  The 
scalp  felt  hot,  was  loaded  with  blood  ; the  cerebrum  was  hot  to  the  feel ; and  a gene- 
ral distention  of  the  blood  vessels  of  the  pia  mater  was  the  only  unusual  appearance, 
except  that  the  substanee  of  the  cerebrum  was  unusually  soft. 
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with  head-aches,  which  are  very  severe  when  the  body  is 
placed  in  a horizontal  posture.* 

When  the  smaller  arteries  of  the  cerebrum  are  preter- 
naturally  enlarged  while  those  of  the  cerebellum  are  not,  de- 
lirium has  taken  place,  followed  by  a lit  resembling  apo- 
plexy, and  a paralytic  affection  of  one  side.')' 

An  obstruction  to  the  passage  of  the  blood  through  the  right 
internal  carotid  artery  was  attended  by  a succession  of  slight 
apoplectic  fits,  unaccompanied  by  any  paralytic  affection. J 

An  aneurismal  enlargement  of  both  the  internal  carotid 
arteries  to  the  size  of  marbles  projecting  into  the  cavernous 
sinuses,  was  the  only  apparent  cause  of  attacks  of  mania,  with 
consciousness  of  being  insane.  § 

* In  the  case  of  a young  lady  who  had  suffered  severely  from  head-aches,  which 
were  so  violent  at  night,  when  she  lay  without  a pillow  as  to  produce  occasional  deli- 
rium, after  death  the  veins  in  the  medullary  and  cortical  substance  of  the  brain  were 
found  considerably  enlarged. 

f A man  60  years  of  age  had  from  anxiety  an  apoplectic  fit  which  lasted  some 
hours,  leaving  a paralytic  affection.  In  seven  days,  under  a course  of  electricity,  he 
recovered  the  use  of  the  paralytic  limbs.  In  four  months,  while  under  very  great 
anxiety  of  mind,  he  became  delirious,  and  one  side  became  paralytic,  in  which  state  he 
died.  There  were  no  other  appearances  than  those  mentioned. 

% An  officer  had  a succession  of  apoplectic  fits  at  intervals  of  one,  two,  and 
three  months;  the  first  of  six  days  continuance,  the  second  a few  hours,  the  third  and 
fourth  shorter;  the  last  terminated  in  death.  On  examining  the  brain,  the  right  in- 
ternal carotid  artery  was  filled  with  a solid  coagulum  of  blood  which  extended  some 
way  into  the  smaller  branches. 

§ A lady  who  had  unequal  spirits,  and  occasionally  double  vision,  had  an  attack  of 
giddiness  and  mania;  the  eyes  were  red,  the  hands  benumbed,  and  death  ensued.  On 
examining  the  brain,  the  aneurisms  were  discovered;  and  the  optic  nerves  were  found 
wasted. 
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SECTION  IV. 

The  effects  produced  by  extravasated  blood. 

Blood  in  the  lateral  and  third  ventricles  was  attended  by 
repeated  fits  of  vomiting  and  coma.*  In  the  fourth  ventricle, 
a fit  which  in  twenty  four  hours  terminated  in  death ; *f-  under 
the  anterior  lobes  of  the  brain  by  hiccoughs  and  stupor ; J 
under  the  cerebellum,  by  convulsions  of  the  neck  and  body, 
with  drawing  up  of  the  feet  without  stupor ; § in  the  folds 
of  the  pia  mater  covering  one  hemisphere,  by  a paralytic 
affection  of  the  opposite  side,  without  any  other  symptom.  || 

Blood  in  the  folds  of  the  pia  mater  over  the  posterior  lobes 
of  the  brain,  and  serum  in  the  cornua  of  both  the  lateral  ven- 
tricles were  attended  by  giddiness,  paralysis,  straight  objects 
appearing  crooked,  loss  of  memory,  and  at  last  idiotism.^f 
In  the  right  thalamus  nervi  optici,  extending  into  the  lateral 
ventricles,  by  paralysis  of  the  left  side  of  the  body,  both  eye-lids 
closed,  the  mouth  drawn  on  one  side,  a perception  of  light 

# A coagulum  of  blood,  the  size  of  a common  leech,  lying  upon  the  plexus 
ehoroides  of  each  lateral  ventricle,  and  two  ounces  of  serum  were  found  in  a person 
who  had  the  symptoms  stated. 

f Half  an  ounce  of  blood  was  found  in  the  fourth  ventricle. 

I Three  ounces  of  coagulated  blood  were  found  upon  the  basis  of  the  skull,  under 
the  anterior  lobes. 

§ Blood  was  found  coagulated  under  the  cerebellum. 

||  The  extravasation  was  in  small  quantity. 

^ A person  69  years  old  had  a paralytic  stroke,  from  which  he  recovered ; but 
had  giddiness,  and  straight  lines  appeared  crooked.  He  had  a second,  which  termi- 
nated in  idiotism  which  lasted  a year  and  a half ; he  then  died.  It  appeared  that 
there  had  been  two  distinct  extravasations  of  blood  in  the  pia  mater,  which  had  com- 
municated with  the  cornua  of  the  lateral  ventricles,  in  which  were  deposited  six 

ounces  of  serum. 
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with  the  right  eye,  but  not  with  the  left,  succeeded  by 
coma*  Between  the  dura  mater  and  skull  covering  the  right 
hemisphere,  by  stupor  which  went  off  on  its  removal ; but 
taking  off  the  pressure  produced  faintness  for  a few  minutes.-f- 

Coagulable  lymph  spread  over  the  union  of  the  optic  nerves, 
the  pineal  gland,  and  tuberculum  annulare,  was  followed  by 
permanent  contraction  of  the  muscles  between  the  occiput  and 
vertebrae  of  the  neck,  dilatation  of  the  pupils,  and  a great 
degree  of  deafness.]]  Serum  under  the  cerebellum  by  rest- 
lessness, convulsions,  incessant  talking,  at  times  incoherent, 
and  the  eyes  became  insensible  to  light. § 

SECTION  V 

The  Effects  produced  by  the  formation  of  Pus. 

Pus  in  the  cornu  of  the  right  lateral  ventricle  was  accom- 
panied with  delirium  and  convulsions.  Under  the  tuberculum 
annulare  by  vomiting  and  delirium.  Under  the  dura  mater  co- 
vering the  right  hemisphere,  by  delirium  succeeded  by  coma. 
Under  the  left  parietal  bone,  by  watchfulness,  sickness,  irregular 
pulse,  clammy  sweats,  talking  incessantly.  These  effects  went 
off  on  its  removal : the  quantity  a tea  spoonful. 

* An  ounce  of  blood  was  found  in  the  substance  of  the  right  thalamus  nervi 
optici  extending  into  the  right  lateral  ventricle ; the  left  lateral  ventricle  was  filled 
with  bloody  serum. 

f The  coagulum  was  about  half  an  inch  thick. 

t There  was  a layer  of  coagulable  lymph,  extending  over  the  sella  turcica  to  the 
parts  mentioned. 

^ The  quantity  was  two  ounces. 


on  the  Functions  of  the  Brain . 


48 1 


SECTION  VI. 

The  effects  produced  by  depression , and  thickening  of  different 

portions  of  the  Skull. 

Unusual  pressure  of  the  skull  upon  the  middle  lobe  of  the 
brain,  was  attended  with  pain  in  the  stomach,  torpor  of  the 
bowels,  nausea,  retching,  pain  between  the  shoulders,  and  in 
the  feet.* * * §  On  the  upper  part  of  the  hemisphere,  want  of 
sleep,  head-ache,  and  stupor.  Those  effects  went  off  upon  its 
removal. -f  On  both  of  the  anterior  lobes  of  the  brain,  hea- 
viness, loss  of  memory,  depression  of  spirits,  bordering  on 
idiotism.J  On  the  anterior  lobes  of  the  brain,  accompanied 
with  water  between  the  tunica  arachnoides  and  pia  mater 
covering  the  superior  part  of  the  hemispheres,  an  apoplectic 
fit,  heaviness,  loss  of  memory,  and  a second  apoplectic  fit, 
which  terminated  in  death. § On  the  lower  and  lateral  part 
of  the  left  posterior  lobe  of  the  brain,  uneasiness  in  the  skin 
of  the  left  cheek,  extending  along  the  chin,  throat,  and 
trachea,  hissing  noise  in  the  ears,  inability  to  speak  the  words 


* The  pressure  was  continued  by  a bony  tumour  in  the  form  of  a hemisphere,  half 
an  inch  in  thickness  ; the  broad  surface  attached  to  the  parietal  bone. 

f A depression  of  the  under  table  of  the  left  parietal  bone  close  to  the  sagittal 
suture  not  more  than  an  inch  in  length,  and  depressed  for  about  one  eighth  of  an 
inch. 

J The  frontal  bone  was  increased  in  thickness  to  a considerable  degree.  The  per- 
son had  been  many  years  resident  in  India. 

§ There  was  a thickening  of  the  os  frontis,  with  small  exostoses  the  size  of  peas 
upon  its  inner  surface.  The  anterior  lobe  cerebri  had  a flattened  appearance,  and  the 
tunica  arachnoides  was  loaded  with  water. 
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the  person  wished  to  articulate,  using  others  in  their  place, 
although  conscious  of  doing  so,  and  unable  to  correct  it. 
Numbness  in  the  arms  and  legs.  These  effects  ceased  on 
taking  off  the  pressure.*  On  the  anterior  lobes  of  the  brain, 
both  anteriorly  and  laterally,  with  thickening  of  the  pia  mater, 
spasms  in  the  lower  extremities,  and  total  loss  of  memory, 
so  that  the  person  did  not  know  what  he  had  done  a few 
hours  before  : although  in  other  respects  in  health.-f  On  the 
lower  and  lateral  portions  of  the  anterior  and  middle  lobes  of 
the  brain,  head-aches,  general  wasting,  irregularity  in  the 
action  of  the  bowels ; the  feel  of  inability  to  swallow,  and 
great  distress  in  the  act  of  swallowing,  with  great  general 
irritability.^ 

* A gentleman  fractured  his  skull,  and  remained  fifteen  minutes  insensible ; be- 
came sensible  but  could  not  speak  for  seven  days : for  twenty  eight  days  could  not 
speak  distinctly,  and  used  one  word  for  another.  In  six  weeks  he  was  considered 
well  with  a depression  of  the  lower  posterior  part  of  the  left  parietal  bone,  two  and  a 
half  inches  long,  one  and  a half  broad,  and  three  quarters  deep,  which  was  removed 
at  the  end  of  three  years,  the  increase  of  symptoms  making  it  necessary ; they  all 
went  off. 

+ The  frontal  bone  and  the  parietal  ones  were  one  third  of  an  inch  thick.  There 
was  an  ossification  in  the  falx  of  the  dura  mater  near  the  crista  galli,  one  inch  and  a 
half  long,  three  quarters  broad;  another  near  the  tentorium  three  quarters  of  an 
inch  long,  half  an  inch  broad,  and  three  quarters  thick.  The  tunica  arachnoides  and 
pia  mater  thicker  than  the  dura  mater.  The  processes  of  the  pia  mater  firm ; the 
smaller  arteries  in  the  medullary  substance  carried  red  blood.  Two  ounces  of  water 
in  the  ventricles.  The  person  had  been  thirty-five  years  in  India. 

J On  the  basis  of  the  skull  were  numerous  small  exostoses,  particularly  from  the 
lower  portion  of  the  parietal  bones,  some  longer  than  others  and  sharp  at  the  point; 
the  longest,  one  third  of  an  inch. 
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SECTION  VII. 

The  effects  of  pressure  from  Tumours. 

An  hydatid  imbedded  in  the  substance  of  the  right  hemi- 
sphere of  the  brain,  was  attended  with  violent  head-aches,  and 
occasional  fits  similar  to  those  of  apoplexy.* 

A tumour  in  the  substance  of  the  posterior  lobe  of  the  brain, 
was  attended  with  derangement  of  the  functions  of  the  stomach 
and  bowels,  double  vision,  and  afterwards  loss  of  sight.-f 
A tumour  pressing  on  the  left  hemisphere ; settled  melan- 
choly, drowsiness  after  dinner,  requiring  being  carried  into  the 
air,  which  took  it  off,  but'  it  returned  on  coming  back  to  the 
table.  J A tumour  in  the  fourth  ventricle,  epileptic  fits,  sore- 
ness in  the  throat,  and  great  pain  in  the  act  of  deglutition. § 
A tumour  in  the  tuberculum  annulare  and  water  in  the  ven- 
tricles, pain  in  the  head,  stumbling  in  walking,  the  mouth 
drawn  on  one  side,  loss  of  sight  of  one  eye,  although  the  pupils 
were  not  affected ; dullness  in  hearing,  difficulty  of  swallow- 
ingjSo  as  to  die  starved,  with  all  the  mental  faculties  entire.  || 

* It  was  the  size  of  an  orange,  had  firm  coats  in  which  was  contained  a limpid 
fluid  in  the  quantity  of  four  ounces.  The  sides  of  the  lateral  ventricles  were  closely 
pressed  together. 

*{-  The  tumour  was  of  the  steatomatous  kind  just  above  the  tentorium,  of  the  size 
of  a turkey’s  egg,  so  as  to  raise  up  the  posterior  part  of  the  lateral  ventricle.  The 
complaint,  till  just  before  death,  was  mistaken  for  worms. 

J The  tumour  was  of  a soft  nature,  the  size  of  a filbert,  attached  to  the  left  side  of 
the  falx  of  the  dura  mater,  a little  above  the  tentorium,  pressing  upon  the  left  hemi- 
sphere of  the  brain. 

§ The  tumour  was  of  a soft  steatomatous  structure,  the  size  of  a walnut,  but 
adapted  in  its  shape  to  the  form  of  the  ventricle. 

||  The  tumour  was  of  the  size  of  a walnut,  composed  of  a suety  matter,  four  ounces 
of  water  were  found  in  the  ventricles,  and  the  tunica  arachnoides  was  unusually  dry. 
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SECTION  VIII. 

Effects  of  injury  to  the  substance  of  the  Brain. 

A deep  wound  into  the  right  anterior  lobe  of  the  brain,  at- 
tended with  inflammation  and  suppuration,  produced  no  sen*- 
sation  whatever ; the  senses  remained  entire,  and  the  person 
did  not  know  that  the  head  was  injured.* 

The  brain  shooting  out  in  the  form  of  fungus,  after  the  dura 
mater  is  wounded,  has  no  effect  upon  any  of  the  nerves,  nor 
is  it  attended  with  sensation  yf  but  the  inflamed  pia  mater 
gives  great  pain. 

Loss  of  a portion  of  the  medullary  substance  of  the  anterior 
lobe  of  the  cerebrum,  produced  no  symptom s.J  Loss  of  a por- 
tion of  one  of  the  hemispheres  was  attended  with  difficulty  of 
swallowing  for  twenty-four  hours,  and  slight  delirium  of 
short  duration. § Ulceration  of  the  anterior  lobe  of  the  brain, 
as  low  as  the  anterior  cornu  of  the  lateral  ventricle,  but  not 
communicating  with  it,  paralysis  of  both  arms.|| 

* From  an  explosion  of  gun-powder,  apiece  of  copper  three  inches  long  was  forced 
through  the  eye  into  the  brain  ; but  the  arm  being  also  wounded,  the  person  never 
knew  the  eye  to  be  injured.  When  suppuration  came  on  he  became  insensible,  and 
in  a few  hours  died. 

f A fungus  from  the  brain  shot  out  through  the  dura  mater  after  the  operation  of 
the  trepan,  upon  the  left  parietal  bone.  The  pia  mater  surrounding  it  was  so  sen- 
sible, that  when  touched,  the  pain  was  excruciating. 

J A boy  five  years  of  age,  fractured  his  skull,  and  wounded  the  brain,  half  an 
ounce  came  away.  When  he  grew  up  he  was  more  acute,  and  had  a better  memory 
than  his  brother. 

$ A fracture  of  the  parietal  bone,  and  wound  of  the  dura  mater,  produced  the  in- 
jury to  the  brain. 

||  The  ulceration  took  place  in  consequence  of  the  trepan  wounding  the  dura  and 
pia  mater. 
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In  a case  of  a penetrating  wound  into  the  right  hemisphere 
of  the  brain  with  bone  forced  into  its  substance,  while  there 
was  an  opening  for  the  discharge  of  matter,  no  effects  were 
produced,  except  when  the  circulation  was  much  increased,  and 
then  only  head-ache  and  numbness  in  the  left  side.* 

SECTION  IX. 

Effects  of  alteration  of  structure  in  the  Brain. 

In  a case  in  which  the  tuberculurn  annulare  had  undergone 
a change  in  its  texture,  and  become  so  hard  as  with  difficulty 
to  be  cut  with  a knife,  a considerable  quantity  of  earthy  par- 
ticles being  intermixed  with  the  medullary  substance  of  the 
crura,  and  other  parts  of  the  cerebellum,  and  the  cerebrum 
and  upper  part  of  the  cerebellum  unusually  soft ; the  effects 
were,  the  boy  had  been  an  idiot  from  his  birth,  never  walked, 
spoke,  or  understood  what  was  said.  Went  often  three  days 
without  food.  At  sixteen,  when  he  died,  was  no  bigger  than 
a child  three  years  old,  except  the  head,  which  was  as  large 
as  it  is  usually  at  twelve.-f 

SECTION.  X. 

Effects  oj  injury  to  the  Medulla  Spinalis. 

Pressure  upon  the  medulla  spinalis  in  the  neck  by  coagulated 
blood  produced  paralytic  affections  of  the  arms  and  legs,  all 

* A musket -ball  fractured  and  depressed  a portion  of  the  superior  and  posterior 
part  of  the  parietal  bone,  but  did  not  penetrate  : an  abscess  formed  in  the  substance 
of  the  brain  in  which  the  broken  portions  of  bone  were  lodged.  In  this  state  the 
person  was  capable  of  doing  his  duty  as  a naval  officer  from  China  to  England,  but 
died  in  consequence  of  an  attempt  to  extract  the  depressed  bone. 

f The  cranium  was  not  completely  ossified,  the  fontanelle  being  still  of  a large 
*ize.  This  case  was  examined  by  Mr.  Brodie. 
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the  functions  of  the  internal  organs  were  carried  on  for  thirty- 
five  days,  but  the  urine  and  stools  passed  involuntarily.* 

Blood  extravasated  in  the  central  part  of  the  medulla  in  the 
neck,  was  attended  with  paralytic  affection  of  the  legs,  but  not 
of  the  arms.-f 

In  a case  where  the  substance  of  the  medulla  was  lacerated 
in  the  neck,  there  was  paralysis  in  all  the  parts  below  the 
laceration ; the  lining  of  the  oesophagus  was  so  sensible,  that 
solids  could  not  be  swallowed,  on  account  of  the  pain  they 
occasioned.  J 

Where  the  medulla  in  the  back  was  completely  divided, 
there  was  momentary  loss  of  sight,  loss  of  memory  for  fifteen 
minutes,  and  permanent  insensibility  in  all  the  lower  parts  of 
the  body.  The  skin  above  the  division  of  the  spinal  marrow 
perspired,  that  below  did  not.  The  wounded  spinal  marrow 
appeared  to  be  extremely  sensible. § 

* A coagulum  of  blood,  the  thickness  of  a crown  piece,  was  found  lying  upon  the 
external  surface  of  the  dura-matral  covering  of  the  medulla  spinalis,  extending  from 
the  fourth  vertebra  colli,  to  the  second  vertebra  dorsi.  The  medulla  spinalis  itself  was 
uninjured. 

■f  The  sixth  and  seventh  vertebrae  colli  were  dislocated  ; the  medulla  spinalis  ex- 
ternally was  uninjured  ; but  in  the  centre  of  its  substance,  just  at  that  part,  there  was 
a coagulum  of  blood  nearly  two  inches  in  length. 

j The  seventh  vertebra  colli  was  fractured,  and  the  medulla  spinalis  passing  through 
it,  was  lacerated  and  compressed. 

§ The  spinal  marrow  within  the  canal  of  the  sixth  vertebra  dorsi  was  completely 
destroyed  by  a musket  ball.  The  person  lived  four  days. 
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XXIV.  Further  Experiments  and  Observations  on  Iodine.  By 
Sir  H.  Davy,  LL.  D.  F.  R.  S.  V.  P.  R . L 

Read  June  16,  1814. 

1.  On  the  triple  Compounds  containing  Iodine  and  Oxygene. 

1.  In  this  communication  I shall  have  the  honour  of  pre- 
senting to  the  Royal  Society,  a continuation  of  the  inquiries  I 
have  made  respecting  the  chemical  agencies  of  iodine,  and  the 
properties  of  certain  of  its  compounds. 

2.  I described  in  my  last  paper  the  action  of  iodine  on  fixed 
alkaline  lixivia,  and  the  deflagrating  salts  it  forms.  In  the  first 
experiment  which  I made  on  these  compounds,  I employed 
the  first  crystals  which  fall  down  from  moderately  strong 
solutions  of  potassa  and  soda  saturated  with  iodine,  which  had 
been  purified  by  being  repeatedly  acted  upon  by  distilled 
water : I now  find  that  this  process  is  not  sufficient  to  free  the 
triple  compound  from  the  double  compound ; and  that  to  obtain 
them  in  a state  of  absolute  purity,  it  is  necessary  to  boil  them 
repeatedly  in  small  quantities  of  alcohol  of  specific  gravity  of 
from  8.6  to  9.2,  which  dissolves  the  double  compound,  but 
has  little  power  of  action  on  the  triple  compound. 

The  triple  compounds,  when  purified,  present  some  curious 
chemical  phenomena,  which  a minute  quantity  of  the  double 
compound  adhering  to  the  crystals  that  I operated  upon, 
prevented  me  from  observing  in  the  experiments  I have 
already  communicated  to  the  Society.  I shall  describe  these 
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phenomena  as  they  are  produced  by  the  triple  compound  of 
potassium,  as  this  substance  is  most  easily  procured  in  consi- 
derable quantities,  but  as  far  as  I have  been  able  to  observe, 
the  phenomena  presented  by  the  compound  of  sodium  are 
precisely  analogous. 

The  triple  compound  of  potassium  purified  by  alcohol  is 
almost  tasteless,  has  no  action  on  vegetable  colours,  is  very 
little  soluble  in  cold  water,  but  more  soluble  in  hot  water ; when 
it  is  thrown  into  concentrated  nitric,  or  sulphuric,  or  phos- 
phoric acids,  it  has  no  violent  action  on  them.  By  heat  it  may 
be  dissolved  in  them,  and  the  solutions,  when  saturated,  congeal 
and  form  crystalline  substances  intensely  acid.  When  the 
substance  formed  by  the  triple  compound  and  the  nitric  acid 
is  strongly  heated,  the  nitric  acid  flies  off,  and  at  the  tempe- 
rature at  which  it  is  entirely  expelled,  the  substance  itself 
begins  to  decompose  and  affords  a little  iodine  and  much 
oxygene. 

If  the  solution  of  the  triple  compounds  in  sulphuric  or  phos- 
phoric acids  be  heated  strongly  at  the  temperature  at  which 
the  acids  sublime,  the  triple  compound  itself  is  decomposed, 
and  it  affords  oxygene  and  iodine,  and  leaves  acid  sulphate 
and  phosphate  of  potassa.  If  when  the  mixture  is  rendered 
fluid  by  heat,  a little  sugar  or  other  combustible  matter  is 
added,  there  is  a violent  action,  and  iodine  is  disengaged  with 
great  rapidity. 

The  triple  compound  dissolves  without  decomposition  in 
solution  of  phosphorous  acid  ; but  on  heating  the  solution, 
oxygene  is  attracted  by  it,  iodine  appears,  and  phosphate  of 
potassa  is  formed. 

When  the  triple  compound  is  thrown  into  concentrated 
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muriatic  acid,  there  is  an  effervescence,  the  smell  of  chlorine 
is  perceived,  the  fluid  becomes  yellow,  and  when  evaporated 
yields  the  chlorionic  acid. 

When  the  solution  of  the  hydroionic  acid  in  water  is  poured 
upon  the  triple  salt,  iodine  is  instantly  produced  in  great 
quantities. 

Acetic  and  oxalic  acids  dissolve  the  triple  compound  without 
decomposing  it.  On  heating  the  solution  in  oxalic  acid,  the 
acid  becomes  brown  from  the  deposition  of  charcoal,  and  iodine 
immediately  appears. 

When  the  triple  compound  is  thrown  into  solution  of  sul- 
phurous acid,  iodine  is  instantly  produced,  and  sulphuric  acid 
formed,  and  if  the  sulphurous  acid  is  not  in  too  large  a pro- 
portion, the  solution  becomes  yellow  by  dissolving  iodine  ; if 
more  sulphurous  acid  is  added,  water  is  decomposed,  and 
sulphuric  acid,  and  hydroionic  acid  formed. 

The  double  compound  of  potassium  and  iodine  has  no  action 
on  oxalic,  acetic,  sulphurous,  or  phosphorous  acids,  but  when 
it  is  mixed  with  the  triple  compound  it  is  instantly  decomposed 
by  them,  and  iodine  set  free. 

The  same  double  compound  in  its  pure  state  is  decomposed 
very  slowly  by  muriatic  acid;  and  to  convert  the  greater 
portion  into  muriate  of  potassa  (potassane)  it  is  necessary  that 
the  acid  should  be  very  frequently  distilled  from  it,  and  a part 
always  remains  unaltered ; when  mixtures  of  the  triple  and 
double  compounds  are  exposed  to  the  action  of  muriatic 
acid,  potassane  (muriate  of  potassa)  is  instantly  formed;  and 
if  the  proper  proportions  are  adopted,  none  of  the  double  or 
triple  compounds  remain,  and  the  results  are  potassane  only 
and  the  oxy-chloric  acid. 
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Mixtures  of  the  triple  and  double  compounds  produce 
abundance  of  iodine  when  acted  on  by  glacial  hydrophosphoric 
acid  gas,  but  the  pure  double  compound  affords  only  hydro- 
ionic acid  gas,  and  this  decomposition  offers  the  best  method 
which  has  yet  occurred  to  me  of  procuring  pure  hydroionic 
acid.  When  the  two  substances  are  gently  heated  together, 
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the  hydroionic  acid  gas,  which  comes  over  in  considerable 
quantities,  forms  a colourless  solution  when  absorbed  by  water. 

I have  endeavoured  to  ascertain  the  composition  of  the  triple 
compound  of  potassium.  Seven  grains  that  had  been  dried  at 
the  temperature  of  boiling  water  heated  to  redness  in  a small 
crucible  of  platinum  lost  2.2  grains.  Seven  grains  heated  to 
dull  redness  in  a small  tube  of  glass  lost  1.7  grain  ; a minute 
portion  of  iodine  condensed  in  the  middle  part  of  the  tube,  but 
no  violet  vapour  was  observed  in  the  upper  part  of  it,  and 
there  was  a very  slight  appearance  only  of  moisture,  so  that 
the  loss  of  weight  in  this  last  experiment,  must  be  principally 
ascribed  to  the  expulsion  of  oxygene. 

On  a comparison  of  the  results  of  these  two  analyses,  it 
appears  very  probable  that  this  triple  compound  is  composed  of 
one  proportion  of  iodine  about  165,  one  of  potassium  75,  and 
six  of  oxygene  90  ; which  is  a composition  exactly  analogous  to 
that  of  the  hyper-oxymuriate  of  potassa.  The  quantities  that  I 
used  in  my  experiments  were  too  small  to  render  these  results 
more  than  approximations,  yet  the  similarity  of  them  to  those 
presented  by  the  hyper-oxymuriates  ought  perhaps  to  render 
them  more  worthy  of  confidence. 

I have  attempted  to  obtain  pure  triple  compounds  from 
solutions  of  baryta  and  lime,  and  from  magnesia  diffused 
through  water,  by  dissolving  iodine  in  them  by  heat,  and  by 
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evaporating  the  clear  liquor  until  it  began  to  deposit  crystals. 
In  this  way  I have  procured  substances  which,  when  well 
washed  in  distilled  water,  afforded  no  iodine  to  nitric  acid, 
which  yielded  chlorine  and  chlorionic  acid  when  acted  upon  by 
muriatic  acid,  and  which  when  distilled  afforded  much  oxy- 
gene  and  some  iodine,  and  left  substances  which  appeared  to 
be  mixtures  of  the  earths  with  compounds  that  afforded  iodine 
to  sulphuric  acid,  producing  a smell  of  sulphurous  acid  gas, 
and  which  probably  consisted  of  the  metals  of  the  earths  united 
to  iodine. 

The  triple  compounds  from  lime  and  magnesia  were  soluble 
without  affording  iodine  in  sulphuric  acid;  but  on  evaporating 
the  acid,  at  the  time  that  the  vessel  of  platinum  in  which  the 
experiment  was  made  became  dry  and  almost  red  hot,  the 
violet  vapour  was  perceived.  Even  the  triple  compound  from 
baryta  did  not  afford  iodine  or  oxygene  by  treatment  with 
sulphuric  acid,  except  under  the  same  circumstances. 

3.  When  I first  discovered  that  the  triple  compounds  dis- 
solved in  acids  without  effervescence,  I thought  it  probable 
that  the  effect  depended  upon  the  formation  of  a compound 
of  oxygene  and  iodine,  similar  to  euchlorine,  or  the  oxy- 
chloric  acid,  and  which  remained  dissolved  in  the  fluid ; and 
on  this  idea  I made  a number  of  experiments  with  the  hope 
of  obtaining  such  a combination  in  a detached  form. 

I distilled  the  solution  of  the  triple  compound  of  potassium 
in  sulphuric  acid,  but  the  only  gaseous  product  I obtained  was 
oxygene.  Sulphuric  acid  and  iodine  condensed  in  the  cool  part 
of  the  apparatus,  and  the  residuum  was  acid  sulphate  of 
potassa. 

Conceiving  that  a compound  of  oxygene  and  iodine  might 
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nevertheless  exist  in  the  fluid,  and  be  decomposable  at  a high 
temperature,  I attempted  to  obtain  it  by  acting  on  the  triple 
compound  of  barium  by  sulphuric  acid,  and  by  evaporating 
the  fluid  obtained  at  a gentle  heat,  and  suffering  it  to  cool  at 
different  periods  of  the  process ; but  in  this  manner  of  operating 
I gained  no  better  results. 

The  triple  compound  of  barium  is  scarcely  soluble  in 
water.  Water  that  had  been  boiled  upon  it  gave  only  a slight 
cloudiness  to  sulphuric  acid,  which  possibly  might  be  owing 
to  some  double  compound  mixed  with  it:  the  fluid  when 
evaporated  nearly  to  dryness  afforded  fumes  which  had  the 
characters  of  those  of  sulphuric  acid,  and  by  a red  heat  yielded 
iodine,  and  left  sulphate  of  baryta. 

When  the  solid  triple  compound  of  baryta  was  heated  in 
very  small  quantities  of  diluted  sulphuric  acid,  the  fluid  sepa- 
rated exhibited  acid  properties,  and  when  gradually  evaporated 
left  a substance  which  congealed  by  cooling,  and  formed  a 
solid  of  a yellow  colour  deliquescent  in  the  air,  strongly  acid, 
and  which  reddened  vegetable  blues,  and  did  not  afterwards 
destroy  them.  When  strongly  heated,  the  substance  afforded 
the  same  results  as  the  substance  procured  from  the  fluid  just 
mentioned. 

The  residual  solid  matter  obtained  by  the  action  of  sulphuric 
acid  on  the  triple  compound  of  barium  was  treated  a second 
time  with  sulphuric  acid,  yet  notwithstanding,  when  heated  to 
redness,  it  yielded  iodine  in  abundance. 

I have  repeated  these  experiments  very  often,  because  M. 
Gay  Lussac  has  stated  that  an  acid  compound  of  oxygene 
and  iodine  may  be  procured  by  dropping  sulphuric  acid  into  a 
solution  of  the  triple  compound  of  barium ; but  the  conclusions 
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of  this  ingenious  chemist  seem  to  have  been  founded  upon  the 
want  of  effervescence  in  the  process;  and  his  experiments 
were  made  at  a very  early  period  of  the  investigation,  and 

probably  before  this  time  he  has  found  reason  to  alter  his 
opinion. 

It  is  probable  that  a binary  compound  of  iodine  and  oxy gene 
may  be  formed,  but  the  facts  presented  by  the  action  of  acids 
on  the  triple  compounds  are  not  sufficient  to  prove  its  exist- 
ence. 

When  small  quantities  of  very  diluted  sulphuric  acid  are 
digested  on  the  triple  compounds  of  potassium  and  barium, 
the  fluid  obtained  is  always  acid,  and  always  precipitates  mu- 
riate of  baryta.  I thought  it  possible  that  the  compound  of 
iodine  and  oxygene  might  possess  this  property ; but  on  col- 
lecting the  precipitate  and  examining  it,  it  appeared  to  be  a 
mixture  of  the  triple  compound  and  sulphate  of  baryta,  and 
from  all  the  facts  it  appears  that  in  the  action  of  acids  on  the 
triple  compounds  new  combinations  only  are  formed.* 

I take  the  liberty  of  proposing  for  the  triple  compounds  the 
names  of  oxy-iodes,  because,  when  decomposed  by  heat,  they 

* When  sulphuric  acid  is  made  to  dissolve  as  much  of  the  triple  compound  of  po- 
tassium by  heat  as  possible,  the  mixture  congeals  by  cooling  into  a yellow  transparent 
substance,  extremely  deliquescent,  and  very  acid.  On  decomposing  it  by  heat,  neutral 
sulphate  of  potassa  remains.  Now  as  oxygene  and  iodine  are  the  only  substances 
driven  off  by  heat,  it  may  be  asserted  that  the  acid  property  of  the  mixture  depends 
upon  these  two  principles ; yet  this  conclusion  does  not  follow  according  to  sound 
chemical  logic  : iodine  alone  destroys  the  alkaline  properties  of  potassa,  and  oxygene 
and  iodine  in  combination  with  potassium  form  a difficultly  soluble  and  almost  taste- 
less substance.  This  substance,  the  triple  compound,  has  only  a weak  attraction  for 
sulphuric  acid,  and  it  might  be  expected  that  in  combining  with  sulphuric  acid  it 
would  not  deprive  it  of  its  acid  properties. 
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afford  oxygene  and  iodine.  Individually  they  may  be  named 
from  their  bases.  Thus  oxy-potassame , or  oxy-iode  of  potas- 
sium, will  signify  the  triple  compound  of  potassium,  oxygene, 
and  iodine,  and  oxy-barame,  or  oxy-iode  of  barium,  will  denote 
the  triple  compound  of  barium. 


2.  Some  observations  on  Hydroionic  Acid , and  on  the  compounds 

procured  by  means  of  it. 

l.  I have  generally  procured  the  hydroionic  acid  which  I 
have  used  in  my  experiments  by  the  process  referred  to  in  the 
last  section,  the  action  of  bydrophosphoric  acid  on  potassame, 
but  I have  sometimes  employed  the  gas  procured  from  mois- 
tened iodine  by  phosphorus. 

The  hydroionic  acid  gas  is  rapidly  decomposed  by  being 
heated  in  contact  with  oxygene,  and  a solution  of  iodine  and 
hydroionic  gas  in  water  is  formed,  and  it  is  slowly  decomposed 
by  heat  alone,  affording  a deep  red-brown  easily  fusible  sub- 
stance, which  seems  to  be  a compound  of  hydroionic  gas  and 
iodine. 

When  condensed  in  water,  it  is  instantly  decomposed  by 
solution  of  nitric  acid  and  iodine  precipitated. 

The  solution  of  hydroionic  acid  rapidly  absorbs  oxygene 
from  the  air,  and  becomes  yellow,  and  at  last  deep  tawny 
orange ; and  this  absorption  is  assisted  by  light  and  beat,  the 
hydrogene  is  attracted  by  the  oxygene  to  form  water,  and  the 
iodine  formed  is  dissolved  in  the  remaining  acid. 

The  concentrated  hydroionic  acid  will  probably  form  a good 
eudiometrical  substance;  it  does  not  render  the  vessels  in 
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which  it  is  used  cloudy  like  the  hydrosulphurets  by  the  de- 
position of  solid  matter,  and  it  does  not  enlarge  the  volume  of 
the  residual  air  like  some  other  substances. 

The  solution  of  the  hydroionic  acid  is  decomposed  by  being 
heated  with  the  hyperoxymuriate  of  potassa,  and  iodine  is 
produced. 

Hydroionic  acid  gas,  as  I have  mentioned  in  my  last  paper, 
is  decomposed  by  all  the  metals  I have  exposed  it  to,  except 
gold  and  platinum  ; and  the  same  metals  that  decompose  it 
in  its  gaseous  state,  likewise  decompose  it  when  it  is  in  solu- 
tion, requiring,  however,  in  some  cases,  the  assistance  of  heat. 
The  fluid  hydroionic  acid  tarnishes  silver  at  common  tem- 
peratures, and  dissolves  mercury  slowly  when  boiled  in  contact 
with  it. 

2.  It  dissolves  the  alkaline  and  common  earths,  and  forms 
with  them  compounds  very  analogous  in  their  properties  to 
the  compounds  they  produce  when  acted  on  by  muriatic  acid. 

I heated  dry  quick  lime  in  a small  tube  filled  with  hydro- 
ionic acid  gas,  a yellow  fluid  immediately  formed,  which  was 
coloured  by  dissolving  hydroionic  gas  and  iodine,  and  a fusible 
compound  soluble  in  water,  and  which  had  a bitter  taste  si- 
milar to  muriate  of  lime,  was  produced. 

I made  the  same  compound  by  dissolving  marble  in  the 
hydroionic  acid ; the  compound  when  heated  to  redness  be- 
came fluid,  and  when  kept  in  fusion  in  contact  with  air  emitted 
iodine,  gradually  lost  its  fusibility,  and  from  being  neutral 
became  alkaline,  so  that  at  a high  temperature  iodine  is  partly 
expelled  from  calcium  by  oxygene.  I proved  this  still  more 
distinctly  by  fusing  the  compound  in  a close  vessel,  in  which 
it  was  confined  by  mercury.  There  was  no  change.  I ad- 
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mitted  a little  oxy-potassame,  and  caused  it  to  give  off  oxygene 
by  beating  it:  as  soon  as  the  calcareous  compound  was  fused 
in  contact  with  oxygene,  it  instantly  emitted  iodine,  and  lime 
was  formed  on  the  surface. 

The  compound  formed  from  hydroionic  acid  and  baryta  is 
an  acrid  bitter  substance,  very  similar  in  its  taste  to  barytane , 
(fused  muriate  of  baryta,)  not  decomposable  when  heated  to 
whiteness  unless  oxygene  is  present,  but  when  it  is  heated  in 
contact  with  oxygene,  oxygene  is  absorbed,  and  a part  of  its 
iodine  expelled. 

Magnesia  dissolved  in  hydroionic  acid  without  effervescence, 
and  the  solution  evaporated  gave  a solid  substance,  having  a 
taste  very  similar  to  muriate  of  magnesia.  Like  that  salt,  it 
partly  lost  its  acid  by  a red  heat ; but  a portion  remained  not 
decomposable  out  of  the  contact  of  air,  but  which  instantly 
afforded  iodine  when  heated  in  contact  with  oxygene. 

I dissolved  glucina,  ittria,  and  zircona  in  the  hydroionic 
acid;  they  formed  neutral  saline  compounds.  The  compound 
of  hydroionic  acid  and  glucina  wTas  less  soluble  and  more  as- 
tringent in  taste  than  the  muriate  of  glucina,  and  was  entirely 
decomposed  when  heated  in  the  open  air,  affording  hydroionic 
acid  and  iodine. 

The  compound  formed  from  ittria  was  more  soluble,  and 
highly  astringent ; that  formed  from  zircona  astringent,  with 
more  of  bitterness.  Both  these  salts  were  decomposed  when 
heated  in  the  atmosphere  at  a low  red  heat ; a smell  of  hy- 
droionic gas  was  perceived,  iodine  was  produced,  and  the  earths 
remained. 

3.  I mentioned,  in  a note  dated  Montpellier,  Jan.  10,  (con- 
taining a correction  for  my  last  communication  to  the  Society,) 
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that  the  alkaline  property  which  I at  first  supposed  to  belong 
to  the  compounds  of  potassium  and  sodium  with  iodine,  de- 
pended upon  some  undecomposed  subcarbonate  of  potassa 
mixed  with  the  hydrate  of  potassa  I employed,  as  the  subcar- 
bonate of  potassa  is  decomposed  by  iodine  and  carbonic  acid 
set  free,  I had  not  thought  it  probable  that  the  sUbcarbonate 
of  potassa  could  interfere  with  this  result.  But  I find  that  if 
the  subcarbonate  exist  at  all  in  the  lixivium,  a portion  of  it 
always  remains  undecomposed.  I find  likewise,  that  when  a 
solution  of  iodine  in  lixivium  of  potassa  is  rendered  perfectly 
neutral,  or  even  slightly  acid  by  hydroionic  acid,  a strong  red 
heat  renders  the  solid  substance  obtained  slightly  alkaline, 
provided  it  be  in  contact  with  air.  Whether  the  separation  of 
iodine  by  oxygene,  in  this  instance,  depends  upon  some  effect 
of  the  moisture  contained  in  the  atmosphere,  or  upon  the  con- 
tinued action  of  fresh  portions  of  oxygene  on  the  same  surface 
of  the  compound,  it  is  not  easy  to  say ; but  a similar  effect  I 
find  is  produced  upon  potass! le,  (fluate  of  potassa ;)  this  substance 
gains  the  power  of  reddening  paper  tinged  with  turmeric,  by 
being  strongly  heated  in  contact  with  the  air. 

The  power  of  neutralizing  acids  does  not  belong  to  the  true 
compound  of  iodine  and  potassium,  but  depends  either  upon 
the  subcarbonate  not  decomposed,  or  upon  the  alkali  formed 
during  the  ignition  of  the  compound  ; the  pure  double  com- 
pound seems  to  have  no  power  of  action  on  the  acids  it  does 
not  decompose;  I fused  it  in  contact  with  sulphurous  acid  gas 
confined  by  mercury  in  a glass  tube,  the  salt  gained  a slight 
tint  of  yellow,  but  did  not  absorb  its  own  volume  of  gas; 
after  this,  it  slightly  reddened  litmus,  so  that  the  acid  must 
have  had  little  more  than  a mechanical  adhesion  to  the  salt. 
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When  potassame,  or  iode  of  potassium,  is  fused  with  boracic 
acid,  there  is  a perfect  mixture  of  the  two  bodies.  In  my  first 
researches  on  this  mixture,  I conceived  that  they  entered  into 
chemical  union,  and  formed  a violet  coloured  glass,  and  that 
the  acid  property  of  the  boracic  acid  was  neutralized  by  the 
new  compound ; but  I since  find  that  the  violet  colour  of  the 
glass  is  owing  to  the  developement  of  iodine,  and  when  the 
application  of  heat  is  long  continued,  much  iodine  is  disengaged, 
and  the  colour  of  the  glass  changes  to  olive,  and  borate  of 
potassa  is  formed.  When  the  glass  is  dissolved  in  warm  water, 
an  olive  coloured  powder  separates,  soluble  when  boiled  in  the 
caustic  alkalies,  so  that  there  is  great  reason  to  suppose  that  it 
is  boron,  and  that  the  boracic  acid  is  decomposed  by  the  attrac- 
tion of  the  potassium  combined  with  the  iodine  for  oxygene, 
assisted  by  the  tendency  of  iodine  to  assume  the  elastic  state. 

I fused  the  neutral  compound  of  iodine  with  silica;  no  change 
was  effected  when  the  experiment  was  made  in  close  vessels, 
but  when  the  mixture  was  exposed  to  air,  and  intensely  heated, 
a little  iodine  was  evolved,  some  potassa  formed,  and  some 
silica  dissolved  by  it. 

3.  On  other  acid  compounds  of  Iodine. 

1.  I have  made  several  experiments  on  the  combination  of 
iodine  and  chlorine,  obtained  by  admitting  chlorine  in  excess 
to  known  quantities  of  iodine  in  vessels  exhausted  of  air,  and 
repeatedly  heating  the  sublimate. 

Operating  in  this  way,  I find  that  iodine  absorbs  less  than 
one  third  of  its  weight  of  chlorine. 

The  compound  of  iodine  and  chlorine  is  a very  volatile  sub- 
stance, and  in  consequence  of  its  action  upon  mercury,  I have 
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not  been  able  to  determine  the  elastic  force  of  its  vapour. 
Hence  the  estimations  of  its  composition  from  experiments  on 
the  quantity  of  chlorine  absorbed  in  close  vessels  must  neces- 
sarily be  liable  to  error.  In  one  experiment,  in  which  I dis- 
solved the  sublimate,  by  admitting  a small  quantity  of  water 
into  the  retort,  I found  that  eight  grains  of  iodine  had  caused  the 
disappearance  of  five  and  a quarter  cubical  inches  of  chlorine. 

In  another  experiment,  in  which  the  sublimate  was  not  dis- 
solved by  water,  and  in  which  the  absorption  was  judged  of 
by  the  admission  of  fresh  quantities  of  the  gas,  twenty  grains 
caused  the  disappearance  of  9,6  cubical  inches  of  chloiine,  the 
barometer  being  at  30.1,  and  the  thermometer  at  57  Fah- 
renheit. 

It  seems  probable,  from  these  experiments,  that  the  chlo- 
rionic  acid  consists  of  one  proportion  of  iodine  and  one  of 
chlorine. 

The  chlorionic  acid  formed  by  the  sublimation  of  iodine  in 
chlorine  in  great  excess  is  of  a bright  yellow  colour,  when 
fused  it  becomes  of  a deep  orange,  and  when  rendered  elastic 
it  forms  a deep  orange  coloured  gas.  It  is  capable  of  combin- 
ing with  much  iodine  when  they  are  heated  together,  its  colour 
becomes  in  consequence  deeper,  and  the  chlorionic  acid  and 
the  iodine  rise  together  in  the  elastic  state. 

The  solution  of  the  chlorionic  acid  in  water  likewise  dissolves 
large  quantities  of  iodine,  so  that  it  is  possible  to  obtain  a fluid 
containing  very  different  proportions  of  iodine  and  chlorine. 

The  pure  solution  of  the  chlorionic  acid,  when  it  is  very 
diluted,  loses  its  colour  by  being  agitated  for  some  time  in 
contact  with  chlorine,  and  then,  when  poured  into  fixed  alka- 
line lixivia  or  solutions  of  the  alkaline  earths,  it  causes  the 
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precipitation  of  substances  having  the  characters  of  triple  com- 
pounds or  the  oxyiodes.  If  it  is  coloured,  or  in  its  ordinary 
state,  at  the  same  time  that  the  oxyiode  is  precipitated,  much 
iodine  appears,  and  it  is  impossible  to  render  a concentrated 
solution  colourless  by  agitation  with  chlorine,  or  to  deprive  it 
of  its  power  of  yielding  iodine  by  acting  on  alkaline  solutions. 
The  chlorionic  acid,  when  poured  into  a solution  of  muriate  of 
baryta,  causes  a copious  precipitate  in  it,  which  has  all  the 
characters  of  oxyiode  of  barium,  and  the  liquor  becomes  very 
acid. 

When  the  colourless  solution  of  chlorionic  acid  is  added  to 
a strong  solution  of  ammonia,  a white  powder  is  precipitated 
which  detonates  feebly  by  a gentle  heat ; and  which,  when 
decomposed  in  glass  vessels,  affords  iodine  and  elastic  matter 
which  does  not  support  combustion. 

When  highly  coloured  chlorionic  acid  is  employed,  the 
powder  that  falls  down  is  black,  and  detonates  with  much 
greater  force,  and  by  the  slightest  touch  or  motion,  and  it  ap- 
pears to  be  the  same  substance  as  that  procured  directly  by  the 
action  of  iodine  on  ammonia,  and  which  I have  shewn  to  be  a 
compound  of  azote  and  iodine.  Whether  the  white  powder  is 
a similar  substance  containing  a larger  proportion  of  azote, 
or  whether  it  is  a compound  of  ammonia  with  oxygene  and 
iodine,  or  with  iodine  and  chlorine,  I have  not  yet  been  able  to 
determine. 

It  is  soluble  in  excess  of  chlorionic  acid,  and  in  this  way  may 
be  separated  from  the  black  powder;  it  affords  a little  moisture 
during  its  detonation,  but  it  is  not  possible  to  say  whether  this 
is  formed  in  the  process,  or  whether  it  is  water  adhering  to 
the  compound,  for  the  temperature  of  its  decomposition  is  so 
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low,  that  a proper  degree  of  heat  cannot  be  applied  to  render 
it  dry. 

When  two  bodies  so  similar  in  their  characters  and  in  the 
compounds  they  form,  as  iodine  and  chlorine,  act  upon  sub- 
stances at  the  same  time,  it  is  difficult  to  form  a judgment  of 
the  different  parts  that  they  play  in  the  new  chemical  arrange- 
ments produced.  When  I found  that  the  chlorionic  compound 
formed  a strong  acid  by  solution  in  water,  I at  first  suspected 
that  water  was  decomposed  and  hydroionic  acid  and  euchlo- 
rine formed;  there  was  no  effervescence  in  the  process,  and  the 
proportions  agree  with  the  supposition  ; but  I find  that  solu- 
tion of  euchlorine  instantly  decomposes  hydroionic  acid  and 
precipitates  iodine,  which  is  afterwards  redissolved  by  the 
chlorine  set  free ; and  nitric  acid,  which  decomposes  hydroionic 
acid,  has  no  action  on  chlorionic  acid. 

It  was  possible  likewise  that  if  water  was  decomposed, 
muriatic  acid  and  a compound  of  iodine  and  oxvgene  might 
exist  in  the  solution;  I endeavoured  to  ascertain  if  this  was  the 
case  by  distilling  the  solution  at  different  temperatures  and 
collecting  the  products,  but  I obtained  always  the  same  fluid. 

When  coloured  solution  of  chlorionic  acid  is  boiled  with 
hyper-oxymuriate  of  potassa,  it  loses  its  colour,  and  chlorine 
is  given  off  from  it ; but  in  this  case  it  likewise  gradually  loses  its 
acidity,  and  a substance  which  yields  iodine  by  heat  with  much 
effervescence,  and  which  is  probably  oxypotassame,  is  pre- 
cipitated. 

It  appears  to  me  most  probable  that  the  acid  property  of  the 
chlorionic  compound  depends  upon  the  combination  of  the  two 
bodies ; and  its  action  upon  solutions  of  the  alkalies  and  the 
earths  may  be  easily  explained,  when  it  is  considered  that 
chlorine  has  a greater  tendency  than  iodine  to  form  double 
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compounds  with  the  metals,  and  that  iodine  has  a greater 
tendency  than  chlorine  to  form  triple  compounds  with  oxygene 
and  the  metals. 

When  in  the  case  of  the  action  of  the  chlorionic  compound 
on  fixed  alkaline  lixivia  the  chlorine  is  not  in  great  excess, 
much  iodine  is  always  set  free,  because  as  it  is  easy  to  perceive 
from  the  proportions  in  which  they  combine,  there  is  not  suf- 
ficient oxygene  detached  from  the  alkali  by  chlorine  to  form 
the  triple  compound;  and  if  the  estimation  of  the  composition 
of  oxypotassame  given  in  the  first  section  be  accurate,  sup- 
posing that  none  of  the  double  compound  of  iodine  is  formed, 
a solution  must  contain  five  proportions  of  chlorine  to  one  of 
iodine,  to  produce  a triple  compound  without  the  precipitation 
of  iodine.  It  is  however  most  probable  that  some  double 
compound  of  iodine  is  always  formed,  as  a solution  must  be 
extremely  diluted  indeed  to  contain  five  proportions  of  chlorine 
to  one  of  iodine. 

When  the  solution  of  chlorionic  acid  is  poured  into  solution 
of  muriate  of  baryta,  water  must  be  decomposed  to  furnish 
hydrogene  to  the  muriatic  acid,  and  oxygene  to  the  triple  com- 
pound, and  in  this  case  some  double  compound  of  iodine 
and  barium  must  be  formed  and  remain  dissolved  in  the 
solution. 

From  the  action  of  chlorionic  acid  on  metallic  solutions,  I 
am  inclined  to  believe  that  triple  compounds  of  the  common 
metals,  oxygene  and  iodine  may  be  formed  by  means  of  it.  It 
occasions  a copious  precipitate  without  effervescence  in  the 
solution  of  sulphate  of  iron,  and  in  the  solutions  of  nitro- 
muriate  of  lead,  and  tin,  and  of  nitrate  of  copper,  and  from 
analogy  it  is  probable  that  these  precipitates  consist  of  the 
metal,  oxygene,  and  iodine. 
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2.  I thought  it  probable  from  the  rapid  action  of  tin  on  iodine, 
that  tin  foil  would  burn  in  the  vapour  of  iodine,  but  on  intro- 
ducing it  into  the  violet  coloured  gas  in  a small  retort  made 
very  hot,  though  the  combination  was  instantaneous,  yet  no 
light  was  apparent. 

I thought  it  possible  that  the  acid  properties  of  the  com- 
pound of  tin  and  iodine,  which  I have  described  in  my  last 
communication  to  the  Society,  might  depend  upon  the  decom- 
position of  water  and  upon  the  formation  of  hydroionic  acid. 
On  this  idea  I distilled  the  solution  of  it  in  water,  hoping  if 
hydroionic  acid  were  formed,  that  I should  obtain  some  in  this 
process ; but  the  fluid  that  came  over  was  merely  water 
coloured  by  a minute  quantity  of  iodine,  and  the  orange 
coloured  substance  which  remained  when  dissolved  in  water, 
exhibited  the  same  acid  properties  as  before,  and  combined 
with  ammonia  without  affording  any  oxide. 

The  compound  of  iodine  and  iron  when  dissolved  in  water 
exhibited  acid  properties,  but  when  the  solution  was  distilled 
it  yielded  hydroionic  acid  and  deposited  oxide  of  iron,  and  the 
entire  solution  acted  on  by  ammonia,  afforded  an  olive  coloured 
precipitate  in  great  abundance. 

4.  On  the  action  of  some  compound  gases  on  Iodine. 

1.  I heated  some  iodine  in  a dry  glass  globe  filled  with 
sulphuretted  hydrogene  ; there  was  a considerable  absorption 
of  gas,  no  sulphur  was  deposited,  and  a reddish  brown  fluid 
was  formed,  which  when  thrown  into  water  rendered  it 
strongly  acid  and  deposited  much  sulphur ; the  water  passed 
through  a filter  exhibited  the  properties  of  hydroionic  acid. 
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It  is  evident  from  this  experiment,  that  sulphur,  iodine,  and 
hydrogene,  are  capable  of  forming  a triple  compound. 

2.  I sublimed  some  iodine  in  dry  olefiant  gas ; a little  of  a 
reddish  brown  fluid  was  formed,  but  the  greatest  part  of  the 
iodine  crystallised  on  the  sides  of  the  vessel  in  which  the  ex- 
periment was  made.  By  repeating  the  process  several  times, 
more  of  the  fluid  was  formed.  It  was  volatile  at  a moderate 
heat,  and  gave  a yellow  tint  to  water,  but  did  not  render  it 
acid,  there  was  a very  slight  absorption  of  the  gas. 

3.  Iodine  sublimed  in  nitrous  gas  effected  no  change  in  it. 

4.  When  iodine  was  exposed  to  carbonic  oxide  it  underwent 
no  change,  it  was  repeatedly  sublimed  in  it  in  common  day 
light  without  undergoing  the  slightest  alteration. 

When  the  violet  gas  was  formed  by  heating  iodine  in  car- 
bonic oxide,  and  the  vessel  exposed  for  some  time  to  the  direct 
solar  rays,  a small  quantity  of  a limpid  fluid  which  had  an  acrid 
taste  formed  in  the  vessel.  An  accident  prevented  me  from 
ascertaining  if  any  gas  had  been  absorbed,  but  it  seems  pro- 
bable from  this  result  that,  like  chlorine,  iodine  may  be  com- 
bined with  carbonic  oxide  by  the  agency  of  light. 

5.  On  the  mode  of  detecting  Iodine  in  combinations , and  on  certain 
properties  of  its  compound  with  Sodium. 

1.  I have  examined  many  of  the  marine  productions  of  the 
Mediterranean,  with  the  view  of  determining  whether  they 
contained  iodine.  The  ashes  of  the  fuci  and  ulvae  of  this  sea 
afford  it  in  much  smaller  quantities  than  the  sel  de  varec , and 
in  a very  few  cases  only  have  I been  able  to  obtain  evidences 
of  its  existence  in  them. 
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2.  M.  Berard  was  so  good  as  to  order  a considerable 
quantity  of  the  species  of  ulva,  which  abounds  on  the  coast  of 
Languedoc,  to  be  burnt  for  me  at  his  laboratory  at  Montpellier. 
The  ashes  consisted  for  the  most  part  of  common  salt,  but  a 
small  quantity  of  alkaline  lixivium  which  was  obtained  from 
them,  afforded  a red  fluid  when  acted  upon  by  sulphuric  acid, 
and  a similar  colour  I found  was  produced,  when  a solution  of 
subcarbonate  of  soda  and  common  salt,  containing  a minute 
quantity  of  the  compound  of  sodium  and  iodine,  was  treated  in 
the  same  manner  by  the  acid. 

3.  One  of  the  best  tests  of  the  presence  of  a very  minute 
quantity  of  iodine  in  compounds,  is  their  action  upon  silver. 
Water  when  it  contains  less  than  part  of  its  weight  of  the 
double  or  triple  alkaline  compounds  of  iodine  tarnishes  polished 
silver. 

The  effect  produced  by  compounds  of  iodine,  may  be  dis- 
tinguished from  that  produced  by  sulphurets  or  sulphuretted 
hydrogene  by  this  circumstance,  that  solutions  containing 
sulphurets  or  sulphuretted  hydrogene,  by  being  boiled  with  a 
little  muriatic  acid,  no  longer  tarnish  the  metal,  whereas  solu- 
tions containing  iodine  still  retain  the  power. 

4.  Amongst  a number  of  sea  weeds  that  were  obligingly 
given  me  for  examination,  by  professor  Viviani  of  Genoa,  the 
ashes  of  the  following  afforded  slight  indications  of  the  pre- 
sence of  iodine, 

Fucus  cartilagineus.  Fucus  filamentosus. 

- — meinbranaceus.  Ulva  pavonia. 

rubens.  linza. 

In  the  ashes  of  the  corallines  and  sponges,  I could  discover  no 
evidences  of  the  presence  of  the  substance. 
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5.  I have  examined  three  specimens  of  alkali  formed  by  the 
combustion  of  vegetables  that  grow  on  the  sea  shore,  one  from 
Sicily,  one  from  Spain,  and  the  third  from  the  Roman  states, 
but  not  one  of  them  afforded  any  indications  of  the  presence 
of  iodine. 

6.  I evaporated  a considerable  quantity  of  sea  water  pro- 
cured at  Sestri  of  Levanto  in  Liguria,  in  a part  of  the  bay 
remote  from  any  source  of  fresh  water ; but  I could  gain  no 
unequivocal  evidences  of  the  presence  of  the  compounds  of 
iodine  in  it.  The  residual  liquor  after  the  common  salt  had 
been  separated,  did  not  act  upon  silver  nor  colour  sulphuric 
acid.  The  first  crystals  of  salt  which  fell  down  when  fused 
upon  silver,  appeared  to  me  to  tarnish  it  more  than  the  last ; 
from  which  it  appeared  probable  that  they  may  have  contained 
some  triple  compound  of  iodine,  yet  after  being  ignited,  they 
did  not  colour  sulphuric  acid.  When  a large  quantity  of  this 
water  was  electrised  by  a Voltaic  apparatus,  and  the  products 
separated  at  the  positive  pole  collected  in  a small  cup  of  gold, 
which  was  covered  with  cement,  except  in  the  interior  and 
lower  part  forming  the  circuit,  a yellow  solution  was  obtained, 
which,  when  it  was  exposed  to  the  negative  pole  of  a Voltaic 
apparatus,  yielded  a black  powder  fixed  in  the  fire,  and  not 
unlike  the  compound  formed  by  heating  gold  and  iodine 
together ; but  the  quantity  was  too  minute  to  admit  of  analysis, 
and  a dark  coloured  substance  is  likewise  obtained  by  nega- 
tively electrifying  oxy muriate  of  gold,  and  there  can  be  no 
doubt  but  that  this  substance  formed  a principal  part  of  the 
solution.* 

* Iodine,  like  chlorine,  I find  combines  both  with  gold  and  platinum,  when  heated 
with  them,  or  when  they  are  exposed  to  them  in  its  nascent  state. 
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If  iodine  exists  in  sea  water,  which  there  is  every  reason  to 
believe  must  be  the  case,  though  in  extremely  minute  quan- 
tities, it  is  probably  in  triple  union  with  oxygene  and  sodium, 
and  in  this  case  it  must  separate  with  the  first  crystals  of 
common  salt. 

Whether  the  superiority  which  the  curers  of  fish  and  meat 
are  in  the  habit  of  attributing  to  bay  salt  over  rock  salt,  is  at 
all  connected  with  the  presence  of  the  compounds  of  iodine,  is 
an  inquiry  perhaps  worth  making,  and  the  results  of  Dr. 
Henry's  elaborate  investigation  of  the  composition  of  different 
kinds  of  salts,  do  not  preclude  the  possibility  of  the  circum- 
stance, though  they-  certainly  diminish  the  probability. 

I rubbed  pieces  of  beef  that  had  been  killed  some  days,  with 
the  double  and  triple  compounds  of  sodium.  They  did  not 
putrify;  the  one  rubbed  with  the  double  compound  became 
very  tender  and  soft,  and  of  a red  brown  colour;  that  exposed 
to  the  triple  compound  hardened  considerably,  and  became  of 
a paler  colour. 

The  triple  compound,  as  I have  mentioned  before,  has  very 
little  taste,  and  neither  of  the  compounds  seems  to  have  any 
pernicious  quality  when  received  into  the  stomach.  I fed  a gold- 
finch with  bread  soaked  in  water,  holding  in  solution  the  double 
compound  for  two  days,  and  he  drank  water  holding  in  solu- 
tion the  triple  compound  for  three  days,  without  apparently 
suffering  any  inconvenience. 


Florence,  March  23,  1814. 
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XXV.  Observations  respecting  the  natural  production  of  Saltpetre 
on  the  walls  of  subterraneous  and  other  Buildings.  By  John 
Kidd,  M.  D.  Professor  of  Chemistry  at  Oxford.  Communicated 

by  William  Hyde  Wollaston,  M.  D.  Sec.  R.  S. 

Read  June  1 6,  1814. 

Although  the  following  observations  afford  no  positive  evi- 
dence of  the  source  of  that  saline  efflorescence,  which  is  so 
frequently  seen  on  the  walls  of  subterraneous  and  other  build- 
ings, and  which,  as  consisting  principally  if  not  entirely  of 
common  nitre,  long  since  gave  rise  to  the  name  * by  which 
that  salt  is  most  commonly  known  ; yet  as  tending  to  throw 
some  light  on  a very  obscure  part  of  natural  history,  they  will 
not,  perhaps,  be  unacceptable  to  this  honourable  and  learned 
Society. 

There  can  be  no  doubt  that  the  production  of  saltpetre  or 
nitre,  in  the  situations  above  alluded  to,  had  been  observed 
long  before  there  existed  any  general  inducement  to  collect 
it  from  those  sources ; but  after  the  invention  and  subsequent 
extensive  employment  of  gunpowder,  it  became  an  object  not 
only  to  search  out  every  natural  source  of  the  principal  ingre- 
dient of  that  important  compound,  but  also  to  investigate  the 
circumstances  of  its  production ; for  the  purpose  either  of 
accelerating  the  natural  process,  or  of  imitating  it  by  artificial 

* Saltpetre  (Sal  Petrae). 
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The  usual  and  almost  exclusive  occurrence  of  saltpetre  on 
walls  constructed  of  limestone,  and  in  situations  exposed  to 
animal  and  vegetable  effluvia,  in  all  probability  led  to  the  em- 
pirical practice  of  heaping  together  the  mortar  and  refuse  of 
old  buildings  with  putrescent  animal  and  vegetable  matter; 
from  a mixture  of  which  kind,  after  exposure  for  a sufficient 
length  of  time  to  the  action  of  the  air,  a quantity  of  nitre  may 
usually  be  obtained  by  lixiviation : but  it  would  be  a question 
of  mere  curiosity,  on  this  occasion  at  least,  to  investigate  the 
origin  of  the  practice.  The  intention  of  the  present  Paper  is 
to  state  the  result  of  a series  of  observations  made  during  the 
last  year,  on  the  connexion  that  exists  between  the  natural 
production  of  nitre  and  the  state  of  the  atmosphere.  In  de- 
tailing these  observations,  it  will  be  convenient  to  give  previ- 
ously a description  of  the  laboratory  of  the  Ashmole  Museum, 
in  which  building  they  were  principally  made:  nor  shall  I be 
afraid  of  being  thought  too  minute  in  this  description,  or  in 
any  other  part  of  the  following  detail,  by  those  at  least  who 
know  the  precision  that  is  requisite  in  every  induction,  which 
like  the  present  rests  on  phenomena  of  an  obscure  and  equi- 
vocal nature. 

The  Ashmole  Museum,  which  was  built  by  Sir  C.  Wren 
in  the  reign  of  Charles  the  Second,  is  an  insulated  building, 
constructed  entirely  of  calcareous  freestone,  and  consisting  of 
three  stories.  The  lowermost  of  these  stories  was  originally 
designed  for,  and  has  constantly  been  used  as,  a chemical 
laboratory. 

The  pavement  of  the  laboratory,  on  its  eastern,  northern, 
and  western  sides,  is  about  nine  feet  below  the  level  of  the 
street  in  which  the  Museum  stands : on  its  southern  side  it  is 
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on  the  same  level  with  an  area,  about  ten  feet  in  breadth, 
which  in  part  occupies  the  site  of  the  ditch  of  the  old  t nvn 
and  insulates  a quadrangular  projecting  part  of  the  whole 
building  of  the  Museum.  The  laboratory  itself  is  a single 
room  sixty  feet  in  length  from  east  to  west,  and  twenty-five 
in  breadth;  having  an  arched  stone  ceiling,  the  centre  of  which 
is  seventeen  feet  above  the  level  of  the  pavement.  The  walls 
of  this  room,  which  are  nearly  three  feet  in  thickness,  are  con- 
structed of  squared  calcareous  freestone,  which  1 have  reason 
to  believe  was  dug  from  a quarry  near  Burford,  and  is  tech- 
nically called  Windrush  stone,  from  the  river  of  the  same 
name.  There  are  four  windows  in  the  upper  part  of  the  north 
side  of  the  laboratory,  formed  in  the  curve  of  the  arched  ceil- 
ing; the  dimensions  of  each  of  which  are  five  feet  by  four 
and  a half. 

There  is  no  window  either  on  the  eastern  or  western  side 
of  the  laboratory. 

On  the  south  side  there  are  two  windows,  one  at  each  ex- 
tremity, looking  into  the  area  above  described  ; and  these 
windows  are  placed  at  the  usual  distance  from  the  ground, 
that  is,  about  three  feet:  and  all  that  part  of  the  south  side  in- 
termediate to  these  two  windows  separates  the  laboratory  from 
the  quadrangular  projecting  part  of  the  whole  building  of  the 
Museum  already  mentioned. 

The  saline  efflorescence  takes  place  most  copiously  on  the 
north  wall,  and  it  occurs  on  various  parts  of  it  from  nearly 
the  level  of  the  pavement  to  within  three  or  four  feet  of  the 
centre  of  the  arched  ceiling.  It  takes  place  also,  though  not 
so  abundantly,  on  the  east  and  west  wails ; and  also  at  the 
eastern  and  western  extremity  of  the  south  wall;  but  it  is 
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worth  noticing,  that  I have  never  seen  it  on  that  part  of  the 
south  wall  which  is  common  to  the  laboratory  ancl  the  attached 
projecting  building  of  the  Museum.  It  is  true  that  there  are 
chimneys  in  this  wall  connected  with  fires  that  are  lighted 
daily ; but  this  circumstance  does  not  seem  sufficient  to  account 
for  the  absence  of  the  nitre,  because  its  formation  takes  place 
in  another  part  of  the  laboratory  equally  near  a chimney,  and 
in  which,  from  being  inclosed,  the  temperature  of  the  air  is 
always  considerably  higher. 

It  is  also  worth  noticing,  that  between  the  highest  and  lowest 
points  of  its  appearance  in  every  part  of  the  building  there  are 
intercepted  spaces  entirely  and  always  free  from  the  least 
deposition. 

I may  here  mention  that  the  occasional  formation  of  nitre  is 
observable  in  many  other  buildings  and  parts  of  Oxford,  be- 
sides the  laboratory  of  the  Ashmole  Museum  ; as  on  the  wall, 
called  Long  Wall,  which  bounds  the  park  of  Magdalene  Col- 
lege to  the  west — on  the  exterior  surface  of  the  south  wall  of 
the  Theatre — on  the  exterior  surface  of  the  three  walls  of  the 
quadrangular  projecting  part  of  the  Ashmole  Museum — very 
abundantly  on  the  inclined  base  of  the  windows  of  the  Exa- 
mination School,  looking  to  the  north — and  also  very  abun- 
dantly on  the  west  side  of  the  wall,  which  separates  the  square 
of  the  Schools  from  the  arched  way  leading  from  thence  to 
the  Theatre  and  Convocation  House. 

It  has  been  observed  repeatedly,  that  the  presence  of  lime 
is  necessary  to  the  natural  production  of  saltpetre ; and  in  all 
the  foregoing  instances  the  stone  on  which  the  saline  efflo- 
rescence takes  place  is  the  common  limestone  of  Oxfordshire. 

I have  only  once  observed  its  formation  on  the  surface  of  a 
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brick  wall : but  in  that  instance  the  substance  of  those  bricks 
on  which  the  nitre  appeared  had  crumbled  away  to  some 
depth;  and  if  this  destruction  of  their  texture  be  owing  to  the 
presence  of  an  unusual  proportion  of  lime  in  the  clay  of  which 
they  are  made  (a  supposition  not  improbable,  since  many  parts 
of  the  stratum  of  clay  from  which  bricks  in  this  neighbour- 
hood are  made  do  contain  an  unusual  proportion  of  lime)  the 
reason  of  the  exception  in  the  case  of  this  brick  wall  will  cor- 
respond with  the  truth  of  the  general  observation  above  stated. 

The  following  circumstance  is  particularly  deserving  of 
notice.  A part  of  the  north  wall  of  the  laboratory,  on  which 
saltpetre  usually  effloresced,  having  been  covered  with  wain- 
scot some  months  since,  and  the  wainscot  having  been  painted 
with  common  white  paint,  I was  surprised  after  a time  in  ob- 
serving an  efflorescence  on  particular  parts  of  the  paint,  similar 
to  what  might  have  been  expected  on  the  wall  itself.  Where 
this  efflorescence  had  taken  place  the  paint  was  loosened  from 
the  wainscot,  and  might  be  readily  peeled  off  in  small  flakes. 
The  saline  particles  of  which  this  efflorescence  consisted  1 at 
first  supposed  to  be  nitrate  of  lead;  but  upon  examination  in 
various  ways  no  trace  of  lead  could  be  found  in  them,  and 
they  exhibited  the  principal  characters  of  common  nitre  : they 
deflagrated,  for  instance,  with  charcoal,  leaving  a deliquescent 
alkaline  residuum.  Many  weeks  have  elapsed  since  that  saline 
efflorescence  was  brushed  off,  but  I have  not  yet  observed  any 
renewal  of  it. 

Though  the  production  of  saltpetre  had  been  pointed  out  to 
me  in  the  laboratory  of  the  Ashmole  Museum  as  long  since 
as  the  year  1802,  I was  prevented  by  many  circumstances 
from  observing  with  any  degree  of  regularity  or  precision 
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the  phenomena  of  this  natural  process  previously  to  the 
commencement  of  last  year:  about  which  time  having  care- 
fully brushed  away  the  whole  of  the  saline  efflorescence  from 
a part  of  the  north  wall  situated  below  the  level  of  the  street, 
and  very  imperfectly  exposed  to  the  light,  I was  surprised  by 
the  fact  of  its  quick  reappearance.  It  was  brushed  away  at 
the  end  of  January,  but  within  three  days  it  had  again  efflo- 
resced in  sufficient  quantity  to  present  that  appearance  of  hoar 
frost,  or  down,  or  mould,  which  is  very  characteristic  of  the 
manner  in  which  naturally  formed  saltpetre  is  often  accumu- 
lated; and  which  a person,  utterly  incapable  of  judging  of  the 
real  nature  of  the  substance,  described  at  the  time  by  the  term 
“ damp/' 

I was  still  more  surprised,  however,  in  observing  after  a 
few  days,  that  the  quantity  of  the  saltpetre  was  apparently 
very  much  diminished  : and  that  at  the  end  of  eight  or  ten 
days  there  was  scarcely  any  appearance  of  it  remaining : 
though  there  was  no  reason  to  suppose  a particle  had  either 
accidentally  fallen  to  the  ground  or  been  intentionally  removed. 

The  same  part  of  the  wall  was  again  brushed  perfectly 
clean,  and  I continued  to  make  daily  observations  in  expecta- 
tion of  a renewal  of  the  process  ; but  no  new  collection  was 
perceptible,  excepting  in  the  form  of  a very  few  detached  and 
minute  capillary  crystals,  till  the  i6ffl  of  March:  on  which 
day,  having  been  absent  during  the  whole  of  the  14th  and 
15th,  I found  a more  abundant  accumulation  than  in  the  pre- 
ceding instances. 

It  was  an  obvious  supposition  that  the  reproduction  of  the 
nitre  was  connected  with  some  change  in  the  state  of  the  at- 
mosphere : and  it  is  to  be  remarked,  that  its  first  mentioned 
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appearance  took  place  in  frosty  weather,  and  that  its  reap- 
pearance about  the  16th  of  March  had  been  preceded  by  a 
frost  of  a few  days ; whereas  during  the  intervals,  in  which  it 
disappeared  and  was  not  again  produced,  the  weather  had 
been  mild.  The  wall  was  again  brushed  quite  clean  on  the 
lfith  of  March  ; between  which  day  and  the  4th  of  April,  a 
considerable  quantity  had  again  collected  on  the  same  part; 
the  process  having  been  more  rapid  during  the  last  four  or 
five  days,  which  were  cold. 

On  April  the  teth  the  front  of  this  part  of  the  wall  was 
renewed  by  scraping,  for  the  purpose  of  observing  what  would 
be  the  effect  of  a fresh  surface,  and  before  the  25th  of  April, 
nitre  had  formed  on  many  parts  of  this  new  surface;  but 
having  first  increased  and  then  continued  stationary  for  some 
days,  it  began  to  diminish  about  the  beginning  of  May,  the 
state  of  the  air  having  been  very  moist  during  the  two  or 
three  preceding  days. 

About  the  middle  of  May,  1813,  I selected  several  distinct 
parts  on  which  the  spontaneous  formation  of  nitre  usually 
takes  place,  some  within  and  some  without  the  building  of  the 
Museum,  and  began  to  make  daily  observations  on  the  phe- 
nomena of  that  process,  which  I noted  down  at  the  time : but 
as  a register  of  this  kind  would  be  unnecessarily  tedious  in  its 
recital,  I shall  beg  leave  to  give  the  following  general  results 
of  those  observations  ; requesting  it  may  be  kept  in  mind  that 
I do  not  presume  to  lay  a greater  stress  on  them  than  is  pro- 
portional to  the  short  period  of  time,  and  the  circumscribed 
space  in  which  they  were  made. 

It  appears  then  from  the  observations  I have  hitherto  been 
able  to  make,  that  the  spontaneous  formation  of  saltpetre  is. 
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generally  speaking,  much  more  extensive  and  rapid  in  winter 
than  in  summer,  whether  it  take  place  on  the  interior  or 
exterior  of  a building : thus  during  the  period  of  the  cold 
weather  in  January,  1814,  it  became  visible  not  only  on  parts 
of  the  walls  where  I had  never  before  observed  it,  but  even 
on  the  pavement  of  the  laboratory.  The  part  of  the  pavement 
on  which  it  appeared  is  adjacent  to  the  north  wall;  but  as  the 
greater  part  of  the  pavement  is  covered  by  a flooring  of  wood, 
it  is  impossible  to  say  whether  or  not  it  took  place  on  other 
parts  also.  The  stone  forming  the  pavement,  is  the  same  kind 
of  limestone  as  that  of  which  the  walls  are  built. 

Again,  whereas  in  summer  its  reproduction  is  most  rapid  and 
extensive  in  proportion  to  the  degree  of  light  present,  the 
reverse  of  this  (though  not  universally)  takes  place  in  winter. 
Wherever  the  saline  efflorescence  in  question  occurs,  the  sur- 
face of  the  stone  becomes  permanently  discoloured,  as  if  from 
the  effect  of  damp;  but  this  discoloration  is  merely  superfi- 
cial. If  these  discoloured  parts  be  whitewashed,  the  process 
still  goes  on  ; and  the  whitewash  is  gradually  detached  in 
flakes : but  it  is  difficult  to  ascertain  whether  the  nitre  is 
formed  on  the  whitewash,  or  on  the  wall  which  it  covers ; 
though  probably  the  latter. 

When  the  spontaneous  formation  of  nitre  takes  place  slowly 
and  in  a sheltered  situation,  it  is  at  first  visible  in  the  form  of 
minute  prismatic  crystals,  which  usually  project  from  the 
surface  of  the  wall  nearly  at  right  angles ; but  sometimes 
they  are  scattered  in  different  directions,  lying  upon  its  sur- 
face so  lightly  as  scarcely  to  appear  in  contact  with  it.  In 
general,  however,  the  saline  efflorescence  makes  its  appear- 
ance in  extremely  minute  capillary  crystals, either  accumulated 
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in  groups,  which  resemble  recently  fallen  flakes  of  snow,  or 
investing:  the  wall  like  a fine  down. 

O 

During  the  severely  cold  weather  of  January,  1814,  it 
appeared  in  some  places  in  the  form  of  minute  dense  grains 
closely  aggregated  ; while  in  others  it  still  continued  to  wear 
the  appearance  of  down  or  wool : and  the  local  circumstances 
most  obviously  connected  with  this  difference  in  the  manner 
of  crystallization,  were  the  presence  of  a greater  degree  of 
light,  where  the  granular  deposition  took  place,  and  a less 
degree  of  shelter  from  the  influence  of  cold  air. 

In  some  instances  the  production  of  the  saltpetre  is  accom- 
panied with  a disintegration  of  the  substance  of  the  stone  on 
which  it  is  formed : but  this  circumstance  is  only  observable 
on  stones  of  a loose  texture. 

The  shortest  interval  I have  observed  between  the  time  of 
its  having  been  brushed  away  and  its  reappearance,  is  four 
hours : but  it  was  then  in  full  efflorescence,  and  would  pro- 
bably have  been  visible  much  earlier.  The  observation  was 
made  on  November  the  17th,  about  midnight : there  had  been 
snow  in  the  middle  of  the  day,  and  the  night  was  frosty. 

The  spontaneous  formation  of  nitre  takes  place  indifferently 
on  the  surface  of  the  stones  composing  a wall,  and  of  the 
mortar  by  which  those  stones  are  cemented : and  near  the 
close  of  the  late  frost,  I observed  it  for  the  first  time  on  the 
surface  of  a partition,  consisting  entirely  of  laths  plastered  over 
with  the  mortar  or  stucco  commonly  used  for  that  purpose. 

It  accumulates  in  greater  quantity  on  some  parts  of  a given 
surface  than  on  others ; and  this  difference  in  the  degree  of  its 
accumulation,  is  probably  connected  with  some  slight  difference 
in  the  texture  or  composition  of  the  stone  on  which  it  is  formed : 
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for  I have  repeatedly  observed  that  after  a careful  removal  of 
it,  its  reproduction  takes  place  to  the  same  proportional  extent 
in  the  same  parts  : and  this  difference  in  the  degree  of  the 
efflorescence  often  takes  place  not  by  a gradual  transition,  but 
as  abruptly  as  if  the  line  of  separation  had  been  marked  by  a 
graver;  so  that  the  part  of  the  surface  on  one  side  of  the  line 
shall  be  almost  totally  devoid  of  any  efflorescence,  while  on  the 
other  side  it  shall  resemble  the  accumulation  of  hoar-frost  on 
the  small  branches  of  a tree. 

The  saltpetre  formed  in  summer  scarcely  appears  to  con- 
tain a particle  of  any  calcareous  salt : that  formed  in  winter 
contains  most  evident  traces  of  such  a salt,  though  probably 
even  in  winter  the  amount  of  this  is  not  much  above  one  part 
in  two  hundred  of  the  whole  mass. 

A frosty,  clear,  and  dry  state  of  the  atmosphere,  is  parti- 
cularly favourable  to  the  natural  production  of  nitre  : but  there 
seems  to  be  a limit  to  its  formation,  on  the  same  spot,  even 
under  the  most  favourable  circumstances  ; the  quantity  of  the 
nitre  not  continuing  to  increase  after  it  has  proceeded  to  a 
certain  extent. 

In  a moist  state  of  the  atmosphere  the  formation  either  does 
not  take  place  at  all,  or  goes  on  slowly:  and  if  that  state  of 
the  atmosphere  which  is  unfavourable  to  the  production  of 
nitre  continue  a sufficient  length  of  time,  the  nitre  already 
formed  gradually  disappears.  At  the  commencement  of  these 
observations  I attributed  the  occasional  disappearance  of  the 
nitre  to  its  mechanical  removal  from  the  wall,  and  supposed 
that  it  must  have  been  by  accident  brushed  off:  but  repeated 
observations  convinced  me  this  was  not  the  case,  its  disap- 
pearance proceeding  as  gradually  as  its  previous  appearance; 
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besides  which,  had  it  fallen  from  the  wall,  I should  most  pro- 
bably have  found  it  on  the  pavement  beneath,  which  never 
happened  to  me.  It  afterwards  appeared  probable,  although 
I have  never  met  with  any  condensed  moisture  on  the  surfaces 
submitted  to  the  foregoing  observations,  that  the  aqueous 
vapour  precipitated  from  the  atmosphere  in  the  state  of  it 
above  alluded  to,  might  dissolve  minute  particles  of  the  nitre, 
and  be  absorbed  with  them  into  the  substance  of  the  wall ; 
but  on  this  supposition  nitre  ought  to  be  found  in  lixiviating  a 
portion  of  the  stone  taken  near  the  surface.  I have  however 
made  the  experiment  without  detecting  any  nitre  in  the  stone 
so  taken.  But,  in  opposition  to  the  idea  of  the  absorption  of 
the  nitre  into  the  substance  of  the  stone,  I found  the  efflo- 
rescence disappear  in  more  places  than  one  during  the  severe 
frost  of  the  present  year  (1814),  at  a time,  when  from  the 
temperature  of  the  stone,  if  not  of  the  air  also,  the  absorption 
here  supposed  could  not  have  taken  place  ; since,  that  tem- 
perature being  below  the  freezing  point,  the  aqueous  particles 
would  by  congelation  have  been  rendered  incapable  of  dis- 
solving the  nitre. 

It  is  deserving  of  notice,  that  such  a spontaneous  disap- 
pearance of  the  nitre,  as  has  been  just  mentioned,  took  place 
antecedently  to,  and  during  the  late  heavy  fall  of  snow  on 
January  18  and  19. 

Wishing  to  ascertain  whether  the  free  presence  of  atmosphe- 
rical air  be  necessary  in  the  natural  process  under  consideration, 
I selected  a part  of  the  wall  on  which  the  formation  of  saltpetre 
usually  takes  place  to  a considerable  extent ; and  insulated 
about  a square  foot  of  its  surface  which  had  been  previously 
brushed  quite  clean.  It  was  insulated  by  means  of  a plate  of 
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glass,  the  edges  of  the  frame  of  which  were  covered  with  a 
cement,  so  as  to  exclude  any  access  of  air  between  the  glass 
and  the  wall.  As  the  depth  of  the  frame  was  not  more  than 
the  third  of  an  inch,  the  inclosed  space  contained  but  an 
inconsiderable  quantity  of  atmospherical  air.  On  the  following 
day,  October  29, 1 observed  that  a formation  of  nitre  had  taken 
place  on  the  part  of  the  wall  within  the  glass,  but  that  it  was 
not  so  extensively  diffused  nor  so  abundantly  deposited,  as  had 
been  usual  before  the  application  of  the  glass  ; and  the  crystals, 
which  were  distinctly  prismatic,  were  much  more  accurately 
defined,  and  larger  than  I had  ever  before  observed  them  ; in 
consequence,  probably,  of  the  tranquil  state  of  the  medium  in 
which  they  were  formed.  On  the  day  following,  October  30, 
the  quantity  was  increased  ; but  it  remained  stationary  from 
that  time  to  November  12,  when  it  began  to  diminish;  and 
on  November  16,  there  was  no  longer  any  appearance  of  it: 
nor  did  it  reappear  in  the  interval  between  November  16  and 
29.  In  the  mean  time  the  efflorescence  had  not  only  taken 
place  on  the  adjacent  parts  of  the  wall  in  the  usual  manner, 
but  had  been  more  than  once  brushed  off  and  again  deposited, 
while  no  increase  had  taken  place  in  that  originally  formed 
within  the  glass. 

On  Nov.  29,  the  exterior  surface  of  the  glass  was,  for  a 
purpose  to  be  mentioned  presently,  covered  over  with  white- 
wash ; which  was  not  removed  till  January  8,  1814.  No  ob- 
servation could  of  course  be  made  on  the  appearance  of  the 
surface  within  the  glass  during  the  interval  that  the  glass  it- 
self was  covered  with  whitewash  ; but  no  nitre  was  visible  on 
the  removal  of  the  whitewash  on  January  8.  It  had,  however, 
reappeared  before  the  morning  of  January  10,  partly  in  separate 
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capillary  prismatic  crystals  which  were  much  larger  than  on  the 
former  occasion,  and  reached  from  the  surface  of  the  wall  to 
the  inner  surface  of  the  glass  ; and  partly  in  small  flocculent 
tufts : the  whole  quantity  of  the  nitre  formed  being  much 
greater  than,  and  the  manner  of  its  formation  being  very  dif- 
ferent from,  that  formation  which  took  place  within  the  glass 
on  October  29  and  30.  Still  the  whole  quantity  was  not  nearly 
equal  to  that  which  was  usually  formed  on  the  same  surface 
when  exposed  to  the  free  action  of  the  atmosphere.  The  in- 
creased quantity  however  formed  in  January,  compared  with 
that  formed  in  October,  corresponds  with  the  observation  that 
the  natural  production  of  nitre  is  much  influenced  by  temper- 
ature : but  it  is  W'orth  mentioning  that  while  the  nitre  formed 
within  the  glass  in  January  occurred  either  in  distinctly  pris- 
matic crystals  or  in  flocculent  tufts,  that  which  w^as  formed  on 
the  adjacent  parts  of  the  wall  was  of  the  granular  character 
above  described,  (pag.  51 6,  lin.  3.) 

Having  by  the  foregoing  experiment  satisfied  myself  with 
respect  to  the  necessity  of  the- free  presence  of  atmospherical 
air  for  the  full  effect  in  the  spontaneous  production  of  nitre,  I 
wished  to  ascertain  the  nature  of  the  connexion  between  the 
nitre  formed  and  the  stone  on  which  it  is  formed ; and  parti- 
cularly wdiether  carbonate  of  lime  simply  would  be  sufficient 
for  its  production.  I therefore  made  a nearly  liquid  paste  with 
distilled  water  and  prepared  chalk,*  with  which  I covered  the 
exterior  surface  of  the  glass  that  had  been  attached  to  the  wall 
for  the  purpose  already  mentioned : but  though  nitre  was 

* As  chalk  sometimes  contains  magnesia,  and  almost  always  a small  proportion  of 
silex  and  alumine,  I intend  on  a future  occasion  to  repeat  the  experiment,  using  very 
finely  pulverised  crystallised  calcareous  spar,  instead  of  chalk. 
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repeatedly  formed  in  the  neighbourhood  of  the  glass,  not  a 
particle  appeared  on  the  whitewash  during  the  space  of  nearly 
six  weeks,  from  November  29  to  January  8. 


The  foregoing  statement  contains  the  general  results  of  all 
the  observations  I have  hitherto  been  able  to  make  on  the 
present  subject.  I subjoin  an  imperfect  analysis  of  the  stone  of 
which  the  laboratory  of  the  Ashmole  Museum  is  built,  and  of 
the  saltpetre  periodically  formed  on  it;  concluding  with  a few 
remarks  on  the  local  differences  connected  with  a more  or  less 
extensive  formation  of  that  substance,  and  on  its  probable  or 
rather  possible  source. 

The  stone,  of  which  the  laboratory  is  constructed,  belongs 
to  one  of  those  alternating  series  of  clay,  and  sand,  and  cal- 
careous freestone,  of  which  the  varieties  of  Bath  stone  form 
nearly  the  lowermost  strata ; and  the  Headington  stone,  of 
which  the  greater  part  of  Oxford  is  built,  the  uppermost.  It 
is  principally  made  up  of  the  debris  of  small  sea  shells,  but 
frequently  contains  organic  vegetable  remains,  and  always 
some  proportion  of  sand  and  ochry  clay. 

Six  portions  of  this  stone  taken  from  different  parts  of  the 
laboratory,  each  weighing  at  least  two  hundred  grains,  were 
separately  submitted  to  the  action  of  a sufficient  quantity  of 
diluted  muriatic  acid.  The  undissolved  residuum,  which 
amounted  in  no  instance  to  as  much  as  four  parts  in  a hun- 
dred, consisted  of  a yellowish  brown  ochry  clay,  mixed  with 
a few  particles  of  white  sand,  and  small  laminar  fragments  of 
a dirty  white  colour,  very  much  resembling  portions  of  the 
siliceous  incrustation  of  the  Geyser  spring.  Small  flocculent 
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shreds  slowly  subsided  in  the  muriatic  solution,  derived  pro- 
bably from  the  membranous  part  of  the  shelly  matter  of  the 
limestone;  for  this  insoluble  residuum,  when  thrown  into  red- 
hot  nitre,  slightly  deflagrated,  and  gave  out  an  odour  resem- 
bling burnt  bones : and  as  this  residuum  had  been  collected 
without  the  use  of  a filter,  the  inflammable  matter  could  not 
well  have  been  derived  from  any  other  source  than  the  stone 
itself. 

The  muriatic  solution  contained  a small  proportion  of  iron, 
and  gave  a very  slight  trace  of  magnesia.  So  that  the  com- 
position of  the  stone  may  be  thus  stated. 

Carbonate  of  lime  96 

# 

Oxide  of  iron,  sand,  ochry  clay,  and  animal  membrane  4 

100 

In  offering  the  following  imperfect  analysis  of  the  saltpetre 
produced  in  the  situations  above  alluded  to,  it  is  necessary  to 
state,  that  the  quantities  on  which  I have  hitherto  had  it  in  my 
power  to  operate  have  been  very  small. 

Some  preliminary  experiments  made  on  a solution  of  salt- 
petre which  had  been  formed  during  the  summer,  gave  the 
following  results. 

The  solution  contained  no  disengaged  acid  or  alkali ; and 
upon  the  addition  of  oxalate  of  ammonia  afforded  the  slightest 
possible  evidence  of  the  presence  of  lime.  It  contained  minute 
portions  of  sulphuric  and  muriatic  acid.  A portion  of  it  being 
evaporated  left  a mass  of  crystals  which,  in  their  form,  as  in 
all  their  other  characters,  exhibited  the  properties  of  nitrate  of 
potash. 

As  it  is  usually  stated  by  writers  who  speak  of  the  subject. 
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that  nitrate  of  lime  is  a principal  constituent  part  of  saltpetre 
formed  by  a natural  process,  I was  much  surprised  by  the  very 
slight  trace  of  lime  evident  in  the  present  instance;  though  I 
had  felt  assured  previously  that  but  little  would  be  found  in 
the  natural  saltpetre  which  I have  had  an  opportunity  of  exa- 
mining; having  never  observed  in  it  any  tendency  towards 
deliquescence.  Having  had  frequent  occasion  to  suppose  that 
carbonate  of  lime  is  much  more  readily  soluble  in  water  than 
is  commonly  believed,  and  having  never  been  able  to  detach 
the  saline  efflorescence  in  question  from  the  walls  of  the  labo- 
ratory, &c.  without  admixture  of  particles  of  the  limestone,  or 
of  the  whitewash,  amounting  to  at  least  seven  or  eight  parts 
in  a hundred,  it  struck  me  that  these  particles  might  be  the 
source  of  the  lime  rendered  evident  by  the  addition  of  the 
oxalate  of  ammonia  in  the  solution  of  the  saltpetre.  I there- 
fore pulverised  small  portions  of  calcareous  spar,  of  the  com- 
mon limestone  of  this  country,  and  of  whitewash;  and  having 
agitated  accurately  distilled  water,  at  the  common  tempera- 
ture, with  each  of  these  portions,  I then  filtered  the  water, 
and  tested  it  with  oxalate  of  ammonia.  In  each  instance  there 
was  fully  as  copious  a precipitate  as  when  the  oxalate  of  am- 
monia had  been  added  to  an  equal  quantity  of  the  solution  of 
saltpetre. 

Similar  preliminary  experiments  having  been  made  on  some 
saltpetre  detached  from  the  same  part  with  that  already  sub- 
mitted to  examination,  but  formed  during  the  winter  instead 
of  the  summer,  the  same  results  were  obtained  with  this  single 
difference,  that  the  precipitate  obtained  by  the  addition  of  ox- 
alate of  ammonia  was  much  more  copious : and  I found  this 
to  be  the  case  from  whatever  part  of  the  laboratory  or  else- 
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where  the  saltpetre  had  been  detached,  provided  it  had  been 
formed  during  the  winter.  I could  not  extend  the  experiment 
on  the  saltpetre  formed  during  the  summer,  having  only 
reserved  a portion  from  one  spot. 

Judging  from  such  experiments  as  I have  made,  it  appears 
that  the  saltpetre  formed  in  the  situations  described  in  this 
paper,  consists  of  full  gg  parts  in  100  of  nitrate  of  potash; 
with  a very  minute  proportion  of  some  calcareous  salt,  which 
is  either  not  at  all  present  in  the  saltpetre  formed  during 
summer,  or  is  present  in  smaller  quantity  than  in  that  formed 
during  winter — though  even  in  the  latter  instance  it  scarcely 
amounts  to  one  part  in  200. 

The  proportion  of  sulphuric  and  of  muriatic  acid,  and  the 
bases  with  which  these  acids  are  combined,  I have  not 
attempted  to  ascertain,  on  account  of  the  minuteness  of  the 
proportion  in  which  they  evidently  exist. 


In  considering  the  relative  situations  of  the  different  parts 
of  the  laboratory,  and  the  other  buildings  also,  in  which  salt- 
petre is  naturally  formed,  it  is  evident  that  the  efflorescence 
takes  place  only  where  the  exterior  of  the  wall  on  which  it  is 
formed,  is  either  exposed  to  the  direct  influence  of  the  weather, 
or  is  in  contact  with  the  adjacent  ground ; not  taking  place  at 
all  in  those  instances  in  which  the  wall  is  neither  exposed  to 
the  weather  on  either  side,  nor  is  in  contact  with  the  adjacent 
ground  : from  which  it  might  be  argued,  that  the  effect  de- 
pends upon  the  action  of  the  external  air,  or  of  the  moisture 
of  the  ground  transmitted  through  the  substance  of  the  wall : 
but  the  result  of  that  experiment  in  which,  the  action  of  the 
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air  on  the  interior  surface  of  the  wall  having  been  prevented 
by  the  intervention  of  a glass,  the  formation  of  nitre  took  place 
only  to  a very  slight  extent,  is  in  a great  measure  at  variance 
with  such  a supposition. 

Again,  though  it  is  evident  that  the  natural  production  of 
the  saltpetre  is  closely  connected  with  changes  in  the  state  of 
the  atmosphere,  those  changes  relating  not  only  to  its  tem- 
perature but  also  to  the  degree  of  its  moisture  and  barometrical 
pressure;  yet  a much  longer  series  of  observations,  and  these 
not  partial  like  the  present,  but  carried  on  in  various  parts  of 
the  world,  is  requisite,  before  even  this  part  of  the  problem 
can  be  accurately  solved.  There  still  would  remain  a part  of 
much  more  difficult  solution,  namely,  the  source  of  the  metallic 
base  of  the  alkali  of  the  nitre. 

With  respect  to  this  difficult  question,  if  we  compare  the 
elements  present  in  the  composition  of  the  saltpetre  formed, 
with  the  elements  of  the  substances  present  during  its  forma- 
tion, it  seems  a reasonable  conclusion  that  the  potassium,  or 
the  metallic  base  of  the  potash  of  the  saltpetre,  is  either  a 
simple  principle  of  some  of  the  elements  present,  or  that  it 
results  from  the  union  of  two  or  more  of  those  principles,  or 
of  two  or  more  of  the  elements  themselves.* 

The  gross  compounds  present  during  the  formation  of  salt- 
petre, in  the  instances  mentioned  in  this  paper,  are  atmosphe- 
rical air  and  the  limestone  on  which  the  saltpetre  effloresces; 

* The  terms  “ element”  and  “ principle”  are  here  used  in  the  same  relation  to 
each  other  as  the  early  physical  philosophers  used  the  terms  STo^st*  and  ’Ap^aV  They 
supposed  that  the  former,  though  incapable  of  decomposition  by  common  means,  weie 
not  necessarily  to  be  considered  as  absolutely  simple  substances:  those  absolutely 
simple  substances  they  expressed  by  the  term 
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and  all  the  component  parts  of  these  may  be  ultimately  re- 
solved into  the  following  elements — oxygen,  nitrogen,  hy- 
drogen, and  carbon,  together  with  iron  and  the  metallic  bases 
of  some  of  the  earths. 

The  component  parts  of  nitrate  of  potash,  of  which  the 
saltpetre  under  consideration  almost  entirely  consists,  are 
nitric  acid,  water,  and  potash ; which  may  be  resolved  into 
the  following  elements — oxygen,  nitrogen,  hydrogen,  and 
potassium:  and  all  these  elements  are  experimentally  known 
to  be  present  in  the  situations  where  saltpetre  is  formed,  with 
the  exception  of  potassium. 

In  the  supposition  then  that  the  saltpetre  is  a product  and 
not  an  educt  of  the  above  process,  since  no  potash  can  be 
detected  either  in  the  air  or  limestone,  the  potassium  must 
either  be  contained  in  a free  state  in  the  atmosphere  or  in  the 
limestone,  which  from  its  remarkable  attraction  for  oxygen 
is  inadmissible:  or  it  must  be  a component  principle  of  some 
one  of  the  elements  present;  or  lastly,  it  must  be  itself  a com- 
pound of  two  or  more  of  the  principles  of  those  elements,  or 
of  two  or  more  of  the  elements  themselves. 

But  I am  aware  that  the  saltpetre  may  be  considered  as  an 
educt  of  the  process,  and  that  it  may  possibly  exist  already 
formed  in  the  atmosphere  in  a state  of  minute  division:  yet, 
when  we  consider  the  comparatively  fixed  nature  of  that  salt, 
and  that  no  experiments  have  yet  detected  its  presence  in  at- 
mospherical air,  or  in  the  moisture  precipitated  from  atmo- 
spherical air  ; and  lastly,  when  we  reflect  on  the  probability 
that  the  metals,  of  which  potassium  is  one,  are  compound 
bodies,  the  former  supposition  seems  upon  the  whole  prefer- 
able to  the  latter. 

February,  1814. 
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XXVI.  On  the  Nature  of  the  Salts  termed  triple  Prus states,  and 
on  Acids  formed  by  the  union  of  certain  Bodies  zvith  the  Elements 
of  the  Prussic  Acid . By  Robert  Porrett,  jun.  Esq.  Commu- 
nicated by  William  Hyde  Wollaston,  M.  D.  Sec.  R.  S. 

Read  June  30,  1814. 

Since  the  admirable  experiments  of  Scheele  on  the  Prussic 
acid,  chemists  have  distinguished  between  the  salts  formed  by 
the  direct  combination  of  this  acid  with  alkaline  or  other  bases, 
and  those  obtained  either  by  adding  to  the  salts  just  mentioned 
a certain  portion  of  a metallic  oxide,  or  by  decomposing  by 
the  alkalies  a prussiate  of  a metallic  oxide.  Thus  for  instance, 
the  salt  formed  by  the  union  of  the  Prussic  acid  with  potash 
has  been  called  the  simple  prussiate  of  potash,  while  that  ob- 
tained by  boiling  a solution  of  potash  on  Prussian  blue  has  been 
called  the  triple  prussiate  of  potash  and  iron,  it  having  been 
proved  that  the  black  oxide  of  iron  enters  into  its  composition. 
The  differences  between  these  salts  are  very  remarkable,  the 
simple  prussiate  is  always  alkaline,  is  soluble  in  alcohol,  is 
incapable  of  forming  Prussian  blue  when  added  to  the  salts  of 
per-oxide  of  iron,  gives  a yellow  precipitate  with  salts  of  per- 
oxide of  copper,  is  decomposed  at  the  temperature  of  boiling 
water,  and  has  its  acid  displaced  by  the  carbonic  acid.  On  the 
contrary,  the  triple  prussiate  is  neutral,  is  insoluble  in  alcohol, 
forms  Prussian  blue  with  the  salts  of  per-oxide  of  iron,  gives 
a reddish  brown  precipitate  with  salts  of  per-oxide  of  copper, 
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is  not  decomposed  at  the  boiling  temperature,  nor  in  the  least 
altered  by  carbonic  acid.  To  the  black  oxide  of  iron,  there- 
fore, existing  in  this  salt,  chemists  have  attributed  its  superior 
permanency  to  the  simple  prussiate,  and  also  its  conversion 
to  the  neutral  state.  The  latter  effect  of  the  oxide  of  iron  is 
without  a parallel  in  chemistry,  no  other  alkaline  salt  is  known 
which  can  be  rendered  neutral  by  the  mere  addition  of  black 
oxide  of  iron,  which  in  all  other  instances  will  neutralize  acids 
instead  of  alkalies.  This  however  is  not  the  only  anomaly 
which  the  triple  prussiates  present,  the  following  being  also 
very  remarkable. 

The  black  oxide  of  iron  contained  in  them  cannot  be  thrown 
down  by  the  addition  of  any  of  the  hydrosulphurets,  succinates, 
gallates,  or  any  other  tests  for  iron. 

This  oxide  always  accompanies  the  Prussic  acid,  when  the 
latter  is  transferred  by  stronger  affinities  from  one  base  to 
another. 

For  most  of  the  facts  just  related,  I am  indebted  to  the  ex- 
cellent paper  of  Proust,  entitled  “ Facts  towards  a History  of 
the  PrussiatesT  It  appeared  to  me  to  be  necessary  to  restate 
these  facts  in  order  to  render  clear  the  objects  of  this  commu- 
nication, which  are  to  reconcile  with  the  general  properties  of 
other  saline  bodies  the  anomalies  which  the  triple  prussiates 
present  ; to  simplify  the  received  opinion  respecting  their 
nature,  and  to  make  known  some  new  acids  which  I have  dis- 
covered. 

In  endeavouring  to  accomplish  these  objects,  I shall  first 
state  my  opinion  of  the  nature  of  the  triple  prussiates  as  they 
are  called,  and  afterwards  support  it  by  experiments. 

I consider  the  salts  termed  triple  prussiates  as  binary  com- 
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pounds  of  an  acid  with  a single  base ; as  salts  which  do  not 
contain  any  Prussic  acid,  nor  any  oxide  of  iron  as  a base , al- 
though both  these  substances  may  be  obtained  from  them  by 
a decomposition  of  their  acid. 

The  first  experiment  which  I shall  adduce  in  support  of  the 
above  opinion  is  one  with  the  Voltaic  battery;  it  appeared  to 
me  that  this  instrument  would  shew  whether  the  oxide  of  iron 
in  the  triple  prussiates  existed  in  them  as  a base,  or  as  an 
element  of  a peculiar  acid  by  attracting  it  to  the  negative  pole 
in  the  former,  and  to  the  positive  pole  in  the  latter  case.  I 
therefore  exposed  a solution  of  triple  prussiate  of  soda  to  the 
agency  of  a small  battery  of  fifty  pair  of  double  plates  of  one 
inch  and  a quarter  square,  kept  in  action  for  twenty  hours,  the 
solution  was  connected  by  platina  wire  with  the  negative  pole, 
and  by  filaments  of  cotton  with  distilled  water  which  com- 
municated by  platina  wire  with  the  positive  pole.  Thus  cir- 
cumstanced the  triple  prussiate  of  soda  was  decomposed,  its 
acid  (consisting  of  the  elements  of  prussic  acid  and  black 
oxide  of  iron)  was  carried  over  to  the  positive  pole;  here, 
meeting  with  oxygen  from  the  decomposing  water,  it  under- 
went a farther  change  by  which  it  was  converted  into  Prussic 
acid  which  was  partly  volatilized,  and  into  blue  triple  prussiate 
of  iron  which  formed  there  in  abundance ; the  liquid  at  the 
negative  pole  after  this  process  contained  only  soda  with  a 
trace  of  undecomposed  triple  prussiate.  In  this  experiment  I 
consider  the  circumstance  of  the  black  oxide  of  iron  being 
carried  over  to  the  positive  pole  as  a proof  that  it  went  there 
as  an  element  of  an  acid,  for  as  a base  it  must  have  remained 
at  the  negative  pole. 

I have  repeated  the  above  experiment  with  only  the  variation 
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of  employing  conducting  wires  of  copper  instead  of  platina, 
and  found  that  the  only  difference  in  the  result  was,  that  the 
reddish  brown  triple  prussiate  of  copper  and  iron  was  formed 
instead  of  the  blue  triple  prussiate  of  iron,  which  effect  was 
owing  to  the  oxide  of  copper  formed  at  the  positive  pole  com- 
bining with  the  peculiar  acid  of  the  triple  prussiates. 

The  next  experiment  which  I shall  relate  is  still  more  con- 
clusive. I dissolved  the  triple  prussiate  of  barytes  in  cold 
water,  of  which  it  required  i8co  times  its  weight,  I divided 
this  equally,  and  by  an  experiment  made  purposely  with  one 
portion,  ascertained  the  exact  quantity  of  diluted  sulphuric 
acid  necessary  to  throw  down  the  barytes  from  the  other ; 
this  quantity  was  equal  to  2,53  grains  of  real  sulphuric  acid 
for  every  ten  grains  of  the  salt  employed;  then  filling  a bottle 
with  the  second  portion  so  as  only  to  leave  room  for  the  acid 
to  be  added,  I poured  into  it  the  quantity  of  acid  previously 
ascertained,  closed  the  bottle  immediately,  and  left  the  sul- 
phate of  barytes  to  subside  to  the  bottom  ; when  this  had 
taken  place,  the  clear  supernatant  fluid  was  examined,  and 
found  to  be  the  pure  acid  of  the  triple  prussiates.  It  has  the 
following  characters : 

It  is  of  a pale  lemon  yellow  colour ; it  has  no  smell ; it  is 
decomposed  by  a gentle  heat,  or  by  exposure  to  a strong 
light ; prussic  acid  is  then  formed,  and  white  triple  prussiate 
of  iron,  which  quickly  absorbing  oxygen  from  the  air,  change* 
to  blue  triple  prussiate.  It  forms  directly  with  alkalies,  earths, 
or  oxides,  the  salts  termed  triple  prussiates.  It  displaces  the 
acetic  acid  from  all  its  combinations  in  the  cold,  and  forms 
triple  prussiates  with  the  bases  before  united  to  that  acid.  It 
is  capable  of  expelling  all  other  acids  from  their  soluble 


termed  triple  Prussiates.  53 1 

combinations,  when  it  can  form  with  their  bases  compounds 
that  are  insoluble  in  acids. 

The  decomposition  of  the  abovementioned  peculiar  acid  by 
heat,  shews  the  reason  why  the  acid  of  the  triple  prussiates 
can  never  be  obtained  from  them  by  distilling  these  salts  with 
a stronger  acid,  and  why  in  these  cases,  Prussic  acid  and  triple 
prussiate  of  iron  are  always  obtained. 

By  proving  that  the  oxide  of  iron  contained  in  the  triple 
prussiates  is  an  elementary  part  of  an  acid  sui  generis , the 
several  anomalies  mentioned  in  the  beginning  of  this  Paper 
are  easily  explained,  for  instance,  its  occasioning  the  simple 
prussiates  to  pass  from  an  alkaline  to  a neutral  state,  is  owing 
to  its  constituting  with  the  other  elements  present,  a new  acid 
having  much  stronger  acid  properties  than  the  Prussic.  Its 
not  being  affected  by  the  usual  tests  for  iron  is  owing  to  its 
existing  as  an  element  of  an  acid,  in  which  state  it  is  no  more 
to  be  expected  that  it  should  be  discovered  by  the  ordinary 
reagents,  than  that  the  sulphur  in  sulphuric  acid  should  blacken 
metallic  solutions.  Finally,  its  accompanying  the  elements  of 
the  Prussic  acid  in  all  cases  of  transfer  from  one  base  to  an- 
other, is  owing  to  its  forming  with  these  elements  the  acid  of 
the  triple  prussiates,  which  acid,  when  transferred  by  stronger 
affinities,  carries  with  it  of  course  all  its  component  parts.  I 
have  discovered  that  besides  the  black  oxide  of  iron  there  are 
other  substances  which  are  capable  of  forming,  with  the  ele- 
ments of  Prussic  acid,  peculiar  acids  having  properties  widely 
different  from  each  other. 

Sulphur  is  one  of  these  substances. 

Several  of  the  metallic  oxides,  I have  reason  to  think,  are 
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also  of  this  kind,  but  I have  not  had  leisure  to  investigate 
particularly  the  acids  that  rnay  thus  be  formed. 

That  with  sulphur  however  has  engaged  much  of  my  at- 
tention, as  may  be  seen  by  reference  to  the  continuation  of 
this  Paper. 

The  true  nature  of  the  triple  prussiates  being,  as  I hope, 
now  developed,  an  alteration  in  their  nomenclature  appears 
indispensible,  as  those  salts  can  no  longer  with  propriety  be 
called  triple  salts  which  have  but  one  acid  and  one  base,  nor 
can  they  be  called  prussiates  which  do  not  contain  any  prussic 
acid.  Besides,  it  seems  full  time  that  the  term  prussiates  should 
be  restricted  to  the  simple  compounds  of  Prussic  acid  with 
bases,  and  that  salts  so  very  different  from  them,  as  are  the 
triple  prussiates,  should  have  a name  so  dissimilar  as  to  pre- 
vent for  the  future  any  farther  confusion  between  them  ; I 
propose  therefore  for  the  acid  composed  of  the  elements  of 
the  Prussic  acid  united  with  oxide  of  iron,  the  name  of  ferru- 
retted  chyazic  acid,  for  that  composed  of  the  same  elements 
with  sulphur  the  name  of  sulphuretted  chyazic  acid,  for  those 
consisting:  still  of  the  same  elements  with  metallic  oxides  ana- 
logo  us  names,  as  argenturetted  chyazic  acid,  &c.  the  word 
chyazic  being  composed  of  the  first  letters  of  the  acidifiable 
elements  of  the  acid,  viz.  carbon,  hydrogen,  and  azote,  to 
which  is  added  the  termination  ic. 

I shall  now  relate  some  analyses  that  I have  made  of  the  * 
triple  prussiates,  or  as  I shall  henceforth  call  them,  the  ferru- 
retted  chyazates. 
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Analysis  of  ferruretted  Chyazate  of  Potash.  (Triple  Prussiate  of 

Potash. ) 

I cannot  find  that  this  salt  has  ever  been  completely  ana- 
lysed : the  only  person  who  to  my  knowledge  has  even  par- 
tially effected  it  is  Proust,  who  confined  himself  to  ascertaining 
the  quantities  of  water  and  of  black  oxide  of  iron  which  it 
contains,  and  which  he  states  to  be  in  the  too  parts. 

Water  - 10 

Black  oxide  of  iron  17 

I have  made  similar  experiments  to  those  from  which  he  drew 
the  above  conclusions,  and  added  others  of  my  own ; the  fol- 
lowing are  the  particulars  of  these  experiments  with  the  results 
which  I have  obtained. 

A.  100  grains  of  the  crystallized  salt,  finely  pulverized  > 
were  kept  for  six  hours  at  the  temperature  of  21 20,  by  this 
treatment  they  were  reduced  in  weight  thirteen  grains ; they 
were  afterwards  heated  for  one  hour  at  the  temperature  of 

40°,  but  they  did  not  suffer  any  further  loss. 

B.  100  grains  of  the  same  salt  were  heated  with  weak  sul- 
phuric acid  until  all  the  Prussic  acid  that  could  be  expelled  as 
gas  was  separated,  the  rest  of  the  Prussic  acid  combined  dur- 
ing the  process  with  the  oxide  of  iron  contained  in  the  salt, 
and  formed  ferruretted  chyazate  of  protoxide  of  iron  (white 
prussiate  of  iron),  which  I afterwards  changed  into  ferruretted 
chyazate  of  per-oxide  of  iron  (blue  prussiate  of  iron)  by  the 
addition  of  a little  weak  nitric  acid  ; it  was  then  thoroughly 
washed  and  dried  at  21 2°,  it  weighed  after  this  thirty-five 
grains.  These  thirty-five  grains,  as  may  be  seen  by  the 
analysis  which  I have  made  of  the  ferruretted  chyazate  of 
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per-oxide  of  iron  by  its  combustion,  which  will  be  related  pre- 
sently, contain  6.76  grains  of  black  oxide  of  iron  and  11.71 
grains  of  red  oxide  of  iron,  but  as  the  whole  of  the  iron  in  the 
ferruretted  chyazate  of  potash  is  in  the  state  of  black  oxide, 
these  11.71  grains  of  red  oxide  must  be  reckoned  as  10.5 
grains  of  black  oxide,  which  added  to  the  6.76  grains  gives 
17.26  as  the  quantity  of  black  oxide  of  iron  contained  in  100 
grains  of  the  ferruretted  chyazate  of  potash. 

C.  100  grains  of  crystallized  ferruretted  chyazate  of  potash 
dissolved  in  water  and  poured  into  a solution  of  green  sul- 
phate of  iron  gave  a precipitate  which,  treated  exactly  as  the 
last,  was  ferruretted  chyazate  of  per-oxide  of  iron  and  weighed 
89.3  grains,  the  elements  of  the  Prussic  acid  contained  in  which 
weigh  30.4  grains,  as  may  be  seen  in  the  analysis  before  re- 
ferred to. 

D.  100  grains  of  the  same  crystallized  salt,  decomposed 
by  sulphuric  acid,  gave  a quantity  of  sulphate  of  potash  which, 
after  fusion  in  a platinum  crucible  by  a strong  red  heat,  weighed 
7 8.5  grains  : now  as  100  grains  of  sulphate  of  potash  in  this 
state  contain,  according  to  Dr. Thomson  (Annals  of  Philosophy 
for  Oct.  1813),  50.1  grains  of  potash,  therefore  these  78.5 
grains  must  have  contained  39.33  of  that  alkali. 

Hence,  neglecting  minute  fractions,  the  crystallized  ferru- 
retted chyazate  of  potash  is  composed  of 


Grains.  Water  A - 
17.26  black  oxide  of  iron  B 
30.40  elements  of  Prussic  acid  C 
Potash  D 


13.0c 

ferruretted  chyazic 
acid 

- 39  3( 


47.6* 


100.00 
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Analysis  of  ferruretted  Chyazate  of  Barytes.  (Triple  Prussiate 

of  Barytes.) 

A.  100  grains  of  this  salt  exposed  to  the  temperature  of 
34,0°  until  they  no  longer  lost  weight,  parted  with  1 6.59  grains 
of  water. 

B.  10  grains  of  the  salt  were  added  to  about  eight  ounces 
of  water  acidulated  with  muriatic  acid  to  increase  its  solvent 
power  on  the  salt ; when  the  whole  was  dissolved,  a solution 
of  supersulphate  of  potash  was  poured  into  it  as  long  as  it 
occasioned  any  precipitate,  this  precipitate  after  having  been 
well  washed,  dried,  and  ignited  in  a platinum  crucible,  weighed 
7.44,  grains,  which,  according  to  Berzelius's  analysis  of  sul- 
phate of  barytes,  contain  4.91  grains  of  barytes. 

C.  As  this  salt  consists  only  of  ferruretted  chyazic  acid  with 
barytes  and  water,  the  quantity  of  the  two  last  being  ascer- 
tained leaves  for  the  other  in  the  100  grains,  34.31  grains. 

100  grains  of  ferruretted  chyazate  of  barytes  is  therefore 
composed  of 

Water  A - - 

12.42  Black  oxide  of  iron  1 ferruretted  chyazic 
21.89  Elements  of  Prussic  acid  J acid  C 
Barytes  B 


1 6-59 
j-34-31 
49.10 
100.00 


Analysis  of  ferruretted  Chyazate  of  Per-oxide  of  Iron.  (Blue 

Prussiate  of  Iron. ) 

A.  I found  that  in  order  to  form  100  grains  of  ferruretted 
chyazate  of  per-oxide  of  iron,  it  was  necessary  to  add  112 
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grains  of  ferruretted  chyazate  of  potash  to  a solution  of  iron; 
now  by  my  analysis  of  this  salt,  it  appears  that  the  quantity 
of  acid  in  these  112  grains  is  53. 38  grains,  the  whole  of  which 
acid  enters  into  the  composition  of  the  100  grains  of  blue  pre- 
cipitate. 

B.  124  grains  of  crystallized  green  sulphate  of  iron  being 
dissolved  in  water,  there  was  required  to  precipitate  all  the 
oxide  of  iron  from  it,  a solution  containing  112  grains  of  crys- 
tallized ferruretted  chyazate  of  potash;  now  124  grains  of 
crystallized  green  sulphate  contain,  according  to  Berzelius, 
31.44  grains  of  protoxide  of  iron,  but  as  this  iron  is  in  the 
state  of  per-oxide  in  Prussian  blue,  it  must  be  reckoned  as  35 
grains. 

C.  Proust  has  stated  that  the  quantity  of  per-oxide  of  iron 
procured  by  calcining  100  grains  of  Prussian  blue  is  55  grains, 
I have  repeated  this  experiment  and  obtained  the  same  result; 
of  these  55  grains,  2 1.53  grains  must  have  been  derived  from 
the  53  38  grains  of  acid  in  the  Prussian  blue  (see  Exp.  A), 
in  which  they  existed  as  black  oxide,  weighing  only  19.33 
grains. 

D.  I attempted  to  obtain  by  distillation  the  water  that  is 
contained  in  Prussian  blue,  that  had  been  dried  as  much  as 
possible  at  2120  by  heating  100  grains  of  it  at  the  temperature 
of  melting  tin  in  a small  retort  adapted  to  a receiver  contain- 
ing fused  muriate  of  lime,  the  retort  and  the  receiver  with 
their  contents  being  separately  weighed,  both  before  and  after 
the  experiment ; but  I found  that  only  an  approximation  to 
the  truth  could  be  gained  by  this  method,  as  the  water  that 
came  over  held  prussiate  of  ammcnia  in  solution,  and  as  some 
of  the  same  prussiate  escaped  as  gas : after  the  experiment 
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L found  that  the  contents  of  the  retort  had  lost  in  weight  19.5 
grains,  and  that  those  of  the  receiver  had  gained  10.5,  the 
mean  between  these  two  is  15  grains,  which  does  not  differ 
very  materially  from  the  quantity  deduced  from  ascertaining 
the  weight  of  all  the  other  constituents  of  Prussian  blue,  con- 
sequently this  latter  method  may  be  adopted  without  the 
hazard  of  any  material  error. 

Ferruretted  chyazate  of  per-oxide  of  iron  according  to  these 
experiments  is  composed  of 

19.33  Black  oxide  of  iron  Ferruretted  chyazic 

34.05  Elements  of  Prussic  acid  J acid  A - 53 .38 

Per-oxide  of  iron  B 35.00 
Water  D 11.62 

100.00 

or  if  its  composition  be  calculated  from  the  quantity  of  per- 
oxide of  iron  afforded  by  its  combustion,  jointly  with  the 
quantity  of  ferruretted  chyazate  of  potash  required  to  form  it, 
then  it  will  consist  of 


Ferruretted  chyazic  acid  A 

53  -38 

Per-oxide  of  iron  C 

33-47 

Water  D 

1315 

• 

100.00 

These  analyses  by  different  methods  agree  together  as  nearly 
as  could  well  be  expected,  the  mean  of  the  two  is  given  below, 
which  cannot,  I think,  be  far  from  the  truth. 
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Ferruretted  chyazic  acid  53. 380 

Per-oxide  of  iron  - 34.235 

Water  - 12.385 

100.000 

Before  I dismiss  the  subject  of  the  ferruretted  chyazates,  I 
beg  to  make  some  remarks  on  the  opinion  generally  enter- 
tained by  the  most  eminent  chemists,  of  the  inadequacy  of 
these  salts  as  tests  for  iron  capable  of  affording  correct  in- 
formation of  the  quantity  of  oxide  of  iron  that  may  be  present 
in  a solution  : in  doing  which  I hope  to  shew  that  this  opinion 
is  erroneous. 

Remarks  on  the  objections  made  to  the  use  of  the  ferruretted  Chy- 
azate  of  Potash  as  a test  for  the  quantity  of  Iron  in  Solutions . 

These  objections  I find  very  well  stated  by  Dr.  Marcet, 
in  his  Chemical  Account  of  an  aluminous  Chalybeate  Spring 
in  the  Isle  of  Wight,  as  follows  : 

“ The  prussiate  of  potash,  however  well  prepared,  is  quite 
“ inappropriate  when  the  object  is  to  ascertain  the  quantity  of 
“ iron  in  solution,  its  utility  being  confined  to  indicating  its 
“ presence,  it  being  liable  to  the  objections  of  precipitating 
“ some  earthy  substances,  particularly  alumine,  when  the  mix- 
“ ture  is  heated,  of  being  itself  decomposed  by  heat,  or  of 
“ not  separating  the  iron  so  as  to  be  retained  on  the  filter  or 
“ procured  by  subsidence,  if  heat  is  not  applied,  or  if  the  iron 
“ is  not  highly  oxidated.” 

Notwithstanding  the  authority  which  an  opinion  of  Dr. 
Marcet's  on  this  subject  justly  carries  with  it,  I must  take 
the  liberty  of  asserting,  that  although  I agree  with  him  in  the 
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experimental  facts  cited  as  the  causes  for  it,  yet  that  I draw 
a different  conclusion  from  his,  because,  instructed  by  my 
experiments  on  the  nature  of  the  triple  prussiates,  I find  that 
all  those  inconvenient  effects  are  easily  prevented  from  ensu- 
ing ; and  I therefore  conclude  that  the  ferruretted  chyazate 
of  potash  is  in  general  the  most  appropriate  test  of  the  quan- 
tity of  iron  in  solution  of  any  employed  in  chemistry ; the  use 
of  it  for  this  purpose  only  requiring  attention  to  the  following 
facts. 

ist.  That  if  the  ferruretted  chyazate  of  potash  after  being 
dissolved  in  water  gives  immediately  a blue  precipitate  by  the 
addition  of  muriatic  acid,  it  is  not  pure,  and  will  give  a falla- 
cious result. 

sdly.  That  if  this  salt,  however  pure,  be  added  in  excess  to 
a solution  of  iron  containing  an  excess  of  acid,  and  then  heated, 
the  Prussian  blue  thrown  down  will  weigh  more  than  it  ought, 
because  some  is  furnished  by  the  decomposition  of  the  ferru- 
ginous acid  of  that  part  of  the  salt  which  has  been  added  in 
excess. 

3dly.  That  Prussian  blue,  even  after  it  has  been  formed,  is 
materially  acted  upon  by  a mixture  of  nitric  and  muriatic 
acids,  and  in  some  degree  by  the  muriatic  acid  alone  at  a 
boiling  heat. 

4thly.  That  Prussian  blue,  when  precipitated,  often  carries 
with  it  sulphate  of  potash  derived  from  the  liquid  from  which 
it  is  thrown  down  ; and  that  this  sulphate  adheres  to  it  so 
obstinately  that  several  washings  with  water  acidulated  with 
sulphuric  acid,  are  necessary  to  detach  it. 

£thly.  That  if  the  solution  to  which  the  test  is  applied  con- 
tains besides  iron,  barytes,  alumine,  oxide  of  copper,  or  any 
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other  substance  which  the  ferruretted  chyazate  is  known  to' 
precipitate,  then  it  is  necessary  to  separate  such  substance  by 
the  usual  means,  before  the  application  of  this  test  for  iron. 

With  the  knowledge  of  these  facts,  therefore,  it  is  easy 
always  to  obtain  correct  results,  which  will  best  appear  by 
assuming  a case  particularly  unfavourable  for  the  purpose, 
and  shewing  how  the  difficulties  of  that  case  may  be  ob- 
viated. 

Let  it  therefore  be  supposed  that  the  analyst  has  a solution 
having  a considerable  excess  of  nitromuriatic  acid  and  con- 
taining oxide  of  iron,  barytes,  alumine,  magnesia,  and  oxide 
of  copper,  and  that  he  wishes  to  precipitate  the  iron  by  the 
ferruretted  chyazate  of  potash.  If  he  first  throw  down  the 
barytes  by  a sulphate,  then  the  other  earths  and  oxides  by 
ammonia,  adding  an  excess  of  ammonia  to  redissolve  the 
oxide  of  copper,  if  he  then  separate  the  alumine  by  diges- 
tion in  caustic  potash,  and  redissolve  the  oxide  of  iron  and 
magnesia  in  an  acid,  which  for  the  sake  of  increasing  the  dif- 
ficulty may  again  be  supposed  to  be  the  nitromuriatic ; I say 
then,  that  by  neutralizing  any  very  great  excess  of  acid,  and 
adding  some  acetite  of  potash  in  order  that  the  unavoidable 
excess  of  acid  may  be  the  acetic  instead  of  the  nitromuriatic; 
then  applying  the  ferruretted  chyazate  of  potash,  taking  care 
that  there  be  but  little,  if  any,  excess  of  it  added ; he  may 
safely  boil  the  liquid  and  readily  collect  by  the  filter,  or  by 
subsidence,  the  ferruretted  chyazate  of  per-oxide  of  iron, 
which  when  properly  washed,  dried,  and  weighed,  will  indi- 
cate very  accurately  the  quantity  of  iron  that  was  in  the  solu- 
tion, by  reckoning  that  quantity  as  34.235  of  per-oxide,  for 
every  100  parts  of  Prussian  blue  obtained. 
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The  succinates  and  benzoates  which  have  been  proposed  as 
superior  tests  for  determining  the  quantity  of  iron,  to  the  fer- 
ruretted  chyazates,  I consider  to  be  in  general  very  inferior  to 
them,  because  they  do  not  precipitate  the  iron,  when  it  is  in 
the  state  of  protoxide,  which  the  latter  do,  and  because  they 
precipitate  alumine  more  effectually  than  those  salts. 

On  sulphuretted  Chyaxic  Acid. 

I discovered  this  acid  in  the  latter  part  of  the  year  1808, 
whilst  engaged  in  an  experiment  the  object  of  which  was  to 
form  prussiate  of  potash  by  the  mutual  action  of  Prussian  blue 
and  sulphuret  of  potash  when  boiled  together;  I found  after 
this  boiling  had  been  continued  for  a considerable  time  with 
fresh  additions  of  Prussian  blue,  until  the  alkaline  liquid  was 
completely  neutralized,  that  instead  of  prussiate  of  potash 
which  I had  expected  to  obtain,  a new  principle  had  been 
formed  which  had  properties  totally  different  from  the  Prussic 
acid,  or  from  any  other  known  chemical  substance.  I made 
experiments  in  order  to  separate  this  principle  from  the  vari- 
ous products  which  were  mingled  with  it  in  the  liquid  which 
I obtained,  and  having  succeeded  in  this,  I found  that  in  its 
pure  state  it  had  acid  properties,  and  was  capable  of  being 
converted  by  oxidizing  agents  into  Prussic  acid ; this  circum- 
stance considered  in  conjunction  with  its  being  formed  by  a 
deoxidating  process  on  a salt  of  iron  containing  the  Prussic 
acid,  led  me  to  conclude,  that  this  new  acid  differed  from  the 
Prussic  acid  only  in  containing  less  oxygen,  I therefore  named 
it  Prussous  Acid,  and  in  a paper  which  I presented  to  the 
Society  of  Arts  in  April  1809,  detailed  the  circumstances  of 
its  formation,  the  mode  of  obtaining  it  free  from  foreign  bodies, 
mdcccxiv.  4 A 


Mr.  Porrett  on  nature  of  the  Salts 

and  its  effects  on  many  of  the  metallic  solutions.  Since  the 
experiments  were  performed  which  I then  communicated,  I 
have  made  several  others  which  have  added  considerably  to 
my  knowledge  of  the  nature  and  properties  of  this  peculiar 
acid,  and  proved  to  me  that  my  first  opinion  of  its  nature  was 
incorrect.  I shall  endeavour  in  this  paper  to  give  as  concise 
an  account  of  these  experiments  as  I am  able,  consistently  with 
making  myself  understood,  notwithstanding  which  1 fear  that 
from  their  number  it  will  not  be  in  my  power  to  compress 
them  within  moderate  limits;  in  attempting  this,  however,  I 
shall  arrange  them  under  the  following  heads : 

ist.  Experiments  on  this  acid  of  a synthetical  nature, 
sdly.  Experiments  on  the  same  of  an  analytical  nature. 
3dly.  Experiments  on  the  salts  formed  by  this  acid. 

Before  I detail  the  experiments  of  the  first  and  second  class 
which  relate  to  the  nature  of  this  acid,  I beg  to  observe  that 
in  describing  them  I shall  designate  this  acid  provisionally  by 
the  name  of  the  red  tinging  acid,  as  neither  the  name  of  Prus- 
sous  acid,  which  I first  gave  to  it,  nor  that  of  sulphuretted 
chyazic  acid,  which  I now  adopt,  could  in  this  place  be  used 
with  propriety,  as  they  each  imply  different  compositions  of 
this  acid,  the  true  nature  of  which,  until  these  experiments  are 
related,  must  be  presumed  to  be  doubtful. 


Synthetical  Experiments  on  the  Red  Tinging  Acid. 

Under  this  head  I shall  include  not  only  the  different  pro- 
cesses by  which  I have  actually  formed  this  acid,  but  those 
also  by  which  I have  attempted  to  form  it  without  success,  as 
both  kinds  of  experiments  throw  light  upon  its  nature ; I shall 
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add  also  the  account  of  the  processes  by  which  I have  obtained 
it  pure  from  the  liquid  in  which  it  is  formed. 

Processes  by  which  I have  formed  the  Red  Tinging  Acid . 

A.  The  first  is  the  one  already  mentioned,  which  consists 
in  boiling,  for  a considerable  length  of  time,  three  or  four  parts 
of  Prussian  blue  in  powder  added  at  as  many  intervals,  with 
one  part  of  sulphuret  of  potash,  which  sulphuret  by  the  action 
of  the  hot  water  upon  it  becomes  an  hydroguretted  sulphuret. 
The  products  of  this  process  are  black  sulphuret  of  iron,  and 
a colourless  neutral  liquid  containing  a considerable  quantity 
of  the  red  tinging  acid  combined  with  potash,  much  sulphurous 
acid  in  union  with  sulphur  and  potash,  forming  a sulphuretted 
sulphite  of  potash,  and  some  sulphate  of  potash. 

B.  The  second  process  is  analogous  to  the  preceding,  it 
consists  in  decomposing  prussiate  of  mercury  by  hydroguretted 
sulphuret  of  potash,  this  decomposition,  owing  to  the  solubi- 
lity of  this  prussiate,  is  instantaneous,  while  the  former  only 
takes  place  after  a tedious  ebullition  ; the  products  of  it  do  not 
differ  in  any  respect  from  the  former,  with  the  exception,  that 
instead  of  the  black  sulphuret  of  iron,  there  is  formed  the  black 
sulphuret  of  mercury. 

C.  The  third  process  consists  in  heating  to  redness  for  some 
hours  a mixture  of  animal  charcoal  and  sulphuret  of  potash, 
and,  when  the  mass  is  cold,  lixiviating  it  with  water.  This 
process,  which  is  by  far  the  most  economical  of  any,  gives  the 
same  results  as  the  former,  with  the  exception  of  there  being 
no  metallic  sulphurets,  and  that  the  liquid  generally  contains 
much  undecomposed  hydroguretted  sulphuret  of  potash. 

4 A 2 
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D.  The  fourth  process  is  only  a variation  of  the  third,  by 
substituting  for  the  sulphuret  of  potash,  the  sulphate  of  that 
alkali,  which  sulphate  is  converted  to  sulphuret  during  the 
process  by  part  of  the  animal  coal ; I performed  this  process 
but  once,  but  it  did  not  appear  to  me  to  give  so  large  a quan- 
tity of  the  red  tinging  acid  as  the  last. 

E.  The  fifth  process  consists  in  forming  the  simple  alkaline 
prussiate  of  potash  by  passing  Prussic  acid  gas  through  a so- 
lution of  that  alkali,  and  afterwards  boiling  this  liquid  alkaline 
prussiate  with  a little  sulphur,  the  whole  of  the  Prussic  acid 
in  this  salt  is  thus  changed  into  red  tinging  acid. 

F.  The  sixth  process  is  very  analogous  to  the  last,  it  con- 
sists in  adding  to  the  simple  prussiate  of  ammonia,  hydrogu- 
retted  sulphuret  of  potash,  by  which  the  simple  prussiate  of 
ammonia  is  immediately  changed  into  the  compound  of  am- 
monia with  the  red  tinging  acid.  The  liquid  after  the  process 
always  contains  sulphuretted  hydrogen,  even  when  the  hy- 
droguretted  sulphuret  has  been  added  in  a quantity  insufficient 
to  convert  the  whole  of  the  Prussic  acid  into  red  tinging 
acid. 

These  are  the  various  processes  by  which  I have  formed 
the  red  tinging  acid,  those  by  which  I could  not  form  it  are 
now  to  be  mentioned. 

G.  Experiment  1.  Ammoniacal  gas  was  passed  through  a 
red  hot  earthen  tube  containing  charcoal,  by  this  process  as 
is  well  known  Prussic  acid  is  abundantly  formed,  but  my  ob- 
ject in  performing  it,  was  to  ascertain  whether  any  of  the  red 
tinging  acid  was  at  the  same  time  produced ; not  the  slightest 
trace  of  it,  however,  could  be  detected  in  any  of  the  products. 
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H.  Experiment  2.  Phosphuret  of  lime  was  thrown  into  the 
simple  prussiate  of  ammonia,  phosphuretted  hydrogen  was  as 
usual  produced,  but  no  red  tinging  acid  was  formed. 

I.  Experiment  3.  Phosphuret  of  lime  thrown  into  prussiate 
of  mercury  threw  down  the  mercury  as  a black  powder,  the 
liquid  after  this  contained  prussiate  of  lime,  but  none  of  the  red 
tinging  acid. 

K.  Experiment  4.  Phosphuretted  hydrogen  gas  was  passed 
through  prussiate  of  mercury,  the  mercury  was  thrown  down, 
and  Prussic  acid  set  free. 

L.  Experiment  5.  Arseniuretted  hydrogen  gas  acted  in  a 
similar  manner. 

M.  Experiment  6.  Sulphuretted  hydrogen  gas  passed  through 
the  same  salt  occasioned  similar  phenomena,  black  sulphuret 
of  mercury  being  formed  and  Prussic  acid  disengaged. 

N.  Experiment  7.  The  same  gas  passed  through  the  simple 
prussiate  of  ammonia  did  not  alter  that  prussiate. 

O.  Experiment  8.  0.5  of  a cubic  inch  of  the  same  gas,  at 
mean  temp,  and  pressure  being  passed  up  into  a tube  over 
mercury,  and  an  equal  volume  of  Prussic  acid  gas  being  added, 
the  volume  of  the  two  gases  was  not  altered  by  the  mixture, 
nor  did  any  combination  take  place. 

P.  Experiment  g.  The  preceding  experiment  was  repeated 
with  the  addition  of  passing  150  electric  discharges  through 
the  two  gases,  but  no  combination  ensued. 

Q . Experiment  xo.  A repetition  of  Experiment  8,  with  the 
addition  of  0.5  of  a cubic  inch  of  chlorine  gas,  the  volume  of 
the  mixed  gases  was  diminished  to  one-third  of  their  former 
bulk,  and  sulphur  was  deposited  on  the  inside  of  the  tube,  but 
the  Prussic  acid  gas  was  unaltered. 
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R.  Experiment  n.  0.5  of  a cubic  inch  of  sulphuretted  hy- 
drogen gas,  the  same  volume  of  Prussic  acid  gas,  and  0.25  of 
a cubic  inch  of  oxygen  gas,  were  attempted  to  be  exploded  by 
the  electric  spark,  but  they  did  not  form  an  explosive  mix- 
ture in  these  proportions,  I therefore  added  0.125  of  a cubic 
inch  more  of  oxygen,  and  again  passed  the  electric  spark 
through  them,  an  explosion  now  took  place  attended  with  a 
diminution  of  volume  amounting  to  0.5  of  a cubic  inch ; no 
red  tinging  acid  was  contained  in  the  product  of  this  experi- 
ment. 

S.  Experiments  12,  and  13.  Hydrosulphuret  of  ammonia 
added  to  simple  prussiate  of  ammonia,  and  to  prussiate  of 
mercury,  did  not  occasion  the  formation  of  any  of  the  red 
tinging  acid. 

T.  Experiments  14,  15,  and  16.  Sulphuret  of  carbon  added 
to  the  two  prussiates  just  mentioned,  and  also  to  liquid  Prus- 
sic acid,  was  equally  ineffectual  as  the  hydrosulphuret. 

U.  Experiments  17,  18,  19,  and  20.  Sulphur  was  added  to 
the  same  three  liquids  as  the  sulphuret  of  carbon,  some  sul- 
phur was  also  kept  in  fusion  while  Prussic  acid  gas  was  passed 
through  it,  in  neither  of  these  cases  was  any  chemical  change 
effected. 

V.  Experiments  21,  22,  and  23.  Hydroguretted  sulphur  was 
added  to  the  same  three  liquids  with  no  better  success. 

W.  Experiments  24,  25,  and  26.  Sulphur  added  to  a strong 
solution  of  pure  potash  in  the  cold,  so  that  no  hydroguretted 
sulphur  could  be  formed,  was  very  sparingly  dissolved  in  the 
alkali,  the  solution,  or  rather  mixture  of  the  two,  was  poured 
into  each  of  the  three  liquids  before  mentioned,  it  did  not  alter 
the  acid  contained  in  them. 
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X.  Experiments  27,  28,  and  29.  Sulphuretted  sulphite  of 
potash,  prepared  by  adding  sulphuret  of  potash  to  strong  sul- 
phurous acid,  was  employed  in  the  same  manner,  but  like  all 
the  preceding  substances,  it  was  found  to  be  incapable  of 
forming  an  atom  of  the  red  tinging  acid. 

The  preceding  series  of  experiments  comprises  all  that  I 
have  made  with  the  view  of  forming  the  red  tinging  acid  ; they 
appear  to  prove, 

1st. 'That  this  acid  cannot  be  formed  without  sulphur.  GH 
IKL. 

2d.  That  it  cannot  be  formed  with  sulphur,  unless  that  sub- 
stance be  in  the  state  of  hydroguretted  sulphur.  MNOPORS 
TUWX. 

3d.  That  it  cannot  be  formed  with  hydroguretted  sulphur, 
without  the  presence  also  of  an  alkali.  V. 

It  will  be  seen  by  reference  to  the  successful  experiments, that 
in  them  these  essential  conditions  were  fulfilled ; hence  the  indis- 
pensible  agents  in  producing  that  peculiar  change  on  the  Prussic 
acid  which  constitutes  it  the  red  tinging  acid,  may  be  considered 
as  determined  ; the  nature  of  the  change  which  they  effect  will 
be  best  understood,  after  relating  my  analytical  experiments 
on  the  red  tinging  acid,  previous  to  doing  which,  I have  to  de- 
scribe my  process  for  obtaining  the  acid  in  a pure  state  from 
the  liquid  in  which  it  is  formed ; this  process  is  the  same  in 
whatever  mode  the  liquid  has  been  obtained,  it  is  the  following : 

Let  the  clear  liquor  be  brought  to  a decidedly  acid  state  by 
the  addition  of  sulphuric  acid,  then  keep  it  for  a short  time  at 
nearly  the  boiling  point,  when  cold,  throw  into  it  a little  native 
black  oxide  of  manganese  finely  pulverised,  which  will  turn  it 
of  a beautiful  crimson  colour,  filter  this  crimson  fluid,  and  add  to 
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it  a solution  containing  sulphate  of  copper  and  green  sulphate 
of  iron,  in  the  proportions  of  two  of  the  former  salt  to  three  of 
the  latter,  until  the  crimson  colour  disappears,  when  a copious 
white  precipitate  will  be  formed,  which  is  an  insoluble  salt  of 
copper  composed  of  the  protoxide  of  that  metal  combined  with 
the  red  tinging  acid.  This  salt  must  then  be  boiled  with  a 
solution  of  potash  which  takes  from  it  its  acid,  leaving  the 
oxide  of  copper  as  a bright  yellow  powder.  The  acid  thus 
transferred  to  the  potash  may  be  obtained  in  a free  state  by  mix- 
ing this  combination  with  sulphuric  acid,  and  distilling  it.  The 
red  tinging  acid  comes  over,  as  a liquid  strongest  towards  the 
end  of  the  process,  it  is  not  however  yet  quite  pure,  as  it  will  be 
found  to  contain  a little  sulphur  and  sulphuric  acid,  the  best 
mode  of  separating  both  of  which, is  to  add  carbonate  of  barytes 
until  the  acid  is  saturated  with  it,  and  afterwards  to  throw  down 
the  barytes  by  the  careful  addition  of  sulphuric  acid.  The  red 
tinging  acid  will  thus  be  obtained  in  a state  of  perfect  purity. 
In  this  state  it  is  generally  colourless,  but  sometimes  acquires 
a pinkish  hue,  which  I believe  to  be  owing  to  a commencement 
of  oxidation.  In  the  most  concentrated  form  in  which  I have 
obtained  it,  it  had  the  specific  gravity  of  1.022,  and  a smell  as 
pungent,  and  a little  resembling  that  of  strong  acetic  acid  ; at 
the  boiling  temperature  it  had  a slight  solvent  action  on  sul- 
phur, when  the  latter  had  been  presented  to  it  in  a very  divided 
state,  but  most  of  the  sulphur  thus  dissolved  separated  again 
on  cooling,  the  rest  which  it  still  retained  after  cooling,  and 
which  is  foreign  to  its  composition,  may  be  detected  by  nitrate 
of  silver,  or  by  nitrate  of  protoxide  of  mercury,  which  form 
with  the  red  tinging  acid  in  the  pure  state,  precipitates  which 
are  white  and  continue  so,  but  with  the  acid  holding  sulphur  in 
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solution,  these  precipitates  have  rather  a dark  colour.  I pro- 
ceed now  to  relate  my 

Analytical  Experiments  on  the  Red  Tinging  Acid. 

A.  I find  that  whenever  this  acid  is  distilled,  a portion  of 
sulphur  remains  behind  in  the  retort,  and  the  acid  that  passes 
over  into  the  receiver  contains  a little  in  solution,  at  the  same 
time  a portion  of  the  acid  disappears,  so  that  it  would  be  pos- 
sible, by  repeated  distillations,  to  destroy  the  whole  of  it.  The 
nature  of  the  new  product  produced  by  this  repeated  distilla- 
tion I have  not  investigated  any  farther  than  to  ascertain  that 
it  did  not  contain  any  Prussic  acid.  The  sulphur  that  was 
separated  was  not  in  the  hydroguretted,  but  in  the  common 
state. 

B.  Some  of  the  red  tinging  acid  was  added  to  nitrate  of  lead, 
and  an  excess  of  nitric  acid  was  poured  into  it.  No  precipitate 
was  formed  in  the  cold,  but  when  heat  was  applied,  a consi- 
derable action  took  place,  attended  with  the  escape  of  nitrous 
gas,  and  a copious  white  precipitate  appeared,  which,  upon 
examination,  proved  to  be  sulphate  of  lead. 

C.  Five  grains  of  the  white  salt  of  copper  before  mentioned, 
prepared  with  the  most  scrupulous  care,  and  which  I knew  by 
an  analysis  (to  be  presently  mentioned)  contained  1.84  grain 
of  this  acid  in  a dry  state,  were  totally  decomposed  by  nitric 
acid  in  which  muriate  of  barytes  had  been  previously  dissolved: 
they  afforded  by  this  treatment  a white  powder,  weighing  after 
ignition  15.82  grains,  which  by  the  subsequent  action  of  nitric 
acid  were  reduced  to  8.86  grains,  and  were  sulphate  of  barytes, 
which  is  equivalent  to  1.20  grain  of  sulphur. 

D.  Some  of  the  red  tinging  acid  was  heated  upon  native 
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carbonate  of  copper  or  malachite  in  powder : during  the  ope- 
ration there  was  a constant  escape  of  carbonic  acid  from  the 
malachite,  and  of  Prussic  acid  into  which  one  part  of  the  red 
tinging  acid  was  converted,  whilst  another  part  formed  the 
white  powder  containing  the  protoxide  of  copper : now  as  all 
the  copper  in  this  ore  was  in  the  state  of  per-oxide,  it  follows 
that  part  of  this  oxide  must  have  relinquished  oxygen  to  some 
principle  contained  in  the  red  tinging  acid ; the  principle  thus 
oxidated  was  found  to  be  sulphur,  for  after  the  experiment 
on  testing  the  liquid  for  sulphuric  acid,  the  presence  of  that 
acid  was  most  unequivocally  demonstrated. 

E.  Some  of  the  red  tinging  acid  was  mixed  with  diluted 
muriatic  acid  and  hyperoxymuriate  of  potash ; a gentle  heat 
was  then  applied  until  chemical  action  took  place,  when  the  heat 
was  withdrawn  and  the  action  moderated  by  cooling ; by  this 
process  sulphuric  acid  was  formed  in  the  liquid,  and  Prussic 
acid  also,  part  of  which  escaped  as  gas,  and  the  rest  was  readily 
discovered  in  the  liquid  by  neutralizing  it  and  adding  a solu- 
tion of  iron,  with  which  it  formed  Prussian  blue. 

F.  The  red  tinging  acid  was  electrified  negatively  in  the 
Voltaic  circuit,  and  connected  by  cotton  threads  with  distilled 
water  electrified  positively.  The  result  of  this  experiment  was, 
that  the  acid  was  carried  over  to  the  positive  side  without  de- 
composition, or  any  separation  of  sulphur. 

G.  The  above  experiment  was  repeated,  adding  to  the  acid 
in  the  negative  cup  potash,  and  pouring  into  it  mercury,  into 
which  the  copper  wire  dipped  that  communicated  with  the 
battery.  The  result  was  the  same  as  in  the  last  experiment; 
the  acid  was  carried  over  to  the  positive  pole  unaltered,  and 
neither  the  potash,  the  mercury,  nor  the  copper  wire  had 
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combined  with  any  sulphur.  That  sulphur  existed  in  this  acid, 
both  before  and  after  this  experiment,  was  however  proved, 
by  heating  it  in  a mixture  of  nitric  acid  with  muriate  of  barytes, 
by  which  means  sulphate  of  barytes  was  quickly  formed  and 
precipitated. 

From  these  analytical  experiments  on  the  red  tinging  acid, 
it  appears  to  me  that  the  following  inferences  may  be  drawn, 

1st.  That  this  acid  contains  sulphur.  ABCDEG. 

sdly.  That  this  sulphur  constitutes  two-thirds  of  the  weight 
of  the  dry  acid.  C. 

3dly.  That  it  exists  in  it,  not  as  a foreign  body  in  solution, 
but  as  an  element.  FG. 

4thly.  That  when  the  sulphur  is  acidified,  the  other  consti- 
tuents of  this  acid  unite  in  the  form  of  Prussic  acid,  and  that 
therefore  they  consist  of  the  same  elements  as  that  acid.  DE. 

The  results  of  these  analytical  experiments  shew  clearly 
why,  in  the  synthetical  ones,  the  presence  of  sulphur  for  form- 
ing it  from  Prussic  acid  was  indispensible ; they  do  not  how- 
ever so  obviously  shew  why,  besides  the  sulphur,  the  presence 
of  both  hydrogen  and  an  alkali  are  requisite ; probably  the 
use  of  the  hydrogen  is  to  bring  a sufficient  quantity  of  sulphur 
into  a state  in  which  it  is  soluble  in  the  alkali,  while  that  of 
the  alkali,  by  virtue  of  the  mysterious  power  often  termed 
disposing  affinity,  favours  the  formation  of  the  stronger  or  red 
tinging  acid,  in  consequence  of  its  having  a greater  attraction 
for  it  than  for  the  weaker  Prussic. 

I shall  now  drop  the  term  red  tinging  acid,  used  merely  in 
relating  these  experiments  to  avoid  anticipating  its  nature,  and 
having,  as  I think,  proved  that  this  acid  is  composed  of  sul- 
phur and  of  the  same  elements  as  the  Prussic  acid,  and  that 
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consequently  it  belongs  to  the  same  class  of  acids  as  does  the 
ferruretted  chyazic  acid,  I shall  call  it  henceforth  the  sulphu- 
retted chyazic  acid,  and  conclude  this  communication  with 
giving  some  description  of  its  salts,  with  my  analyses  of  two 
of  the  most  important  of  them,  and  by  which  the  composition 
of  all  its  other  salts  may  be  known  with  comparatively  little 
trouble. 


Sulphuretted  Chyazates. 

Of  potash,  a deliquescent  salt  soluble  in  alcohol. 

Of  soda,  ditto,  crystallizes  in  rhombs. 

Of  lime,  ditto,  soluble  in  alcohol,  from  which  it  may  be 
obtained  as  a mass  of  needle  form  crystals. 

Of  ammonia,  ditto,  not  crystallizable. 

Of  magnesia,  ditto,  when  dried  has  a micaceous  appearance. 

Of  alumina,  crystallizes  in  octohedra  which  do  not  deliquesce. 

Of  barytes,  a deliquescent  salt,  crystallizing  in  long  slender 
prisms  of  a brilliant  white  colour. 

Of  strontia,  a deliquescent  salt  crystallizing  in  long  slender 
prisms  in  groups  radiating  like  zeolite. 

Of  oxide  of  silver,  a white  insoluble  powder. 

Of  protoxide  of  mercury,  a white  insoluble  powder. 

Of  potash  and  prussiate  of  mercury,  this  salt  is  remarkable 
for  its  brilliant  silvery  lustre,  and  for  its  very  compound  nature, 
as  all  the  four  principles  mentioned  in  the  name  which  I here 
give  it,  enter  into  its  composition.  It  has  but  little  solubility  in 
cold  water,  but  is  very  soluble  in  hot,  from  which  it  may  be 
obtained  in  crystals  by  cooling. 

Of  protoxide  of  copper,  a white  powder  insoluble  in  w'ater 
and  in  most  acids,  decomposable  by  alkalies  or  by  distillation 
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with  muriate  of  ammonia,  also  by  mixture  with  nitrate  of  per- 
oxide of  iron ; when  mixed  with  five  times  its  weight  of  hy- 
peroxymuriate  of  potash  it  explodes,  either  by  heat,  friction, 
the  contact  of  sulphuric  acid,  or  by  the  electric  spark.  This 
explosion  is  very  loud  if  it  take  place  in  a confined  space,  as  in 
tubes. 

Of  per-oxide  of  copper,  is  best  formed  by  adding  sulphu- 
retted chyazate  of  soda  to  sulphate  of  copper,  both  in  a pure 
state ; it  is  then  in  the  state  of  a bright  pea-green  liquid,  to 
which  if  any  deoxidating  substance  be  added,  such  as  sulphu- 
rous acid,  an  alkaline  sulphite,  or  the  salts  of  protoxide  of  tin 
or  of  iron,  then  the  sulphuretted  chyazate  of  protoxide  of 
copper  is  immediately  produced,  and  precipitates  in  its  usual 
form  as  a white  powder. 

Of  protoxide  of  lead,  a soluble  salt,  the  forms  of  whose 
crystals,  I am  inclined  to  believe,  are  obtuse  rhombs;  in  a 
moist  atmosphere  these  crystals  slowly  deliquesce. 

Sulphuretted  chyazate  of  protoxide  of  iron,  a colourless  salt, 
very  soluble. 

Sulphuretted  chyazate  of  per-oxide  of  iron,  a salt  of  a beau- 
tiful crimson  colour,  deliquescent,  and  not  obtainable  in  a solid 
form  without  great  precautions,  and  a particular  process,  which 
consists  in  exposing  it  to  an  atmosphere  artificially  dried. 

The  sulphuretted  chyazates  of  the  following  metallic  oxides 
appear,  by  my  experiments,  to  be  all  very  soluble,  viz.  oxides 
of  tin,  bismuth,  manganese,  zinc,  cobalt,  nickel,  palladium, 
uranium,  molybdenum,  and  chromium. 

The  two  sulphuretted  chyazates  that  I have  analysed  are, 
that  of  protoxide  of  copper,  and  that  of  barytes. 
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Analysis  of  sulphuretted  Chyazate  of  Protoxide  of  Copper . 

A.  Twenty  grains  of  sulphuretted  chyazate  of  protoxide  of 
copper  were  heated  to  41 30  for  half  an  hour,  without  experi- 
encing the  least  diminution  of  weight ; consequently  this  salt 
does  not  contain  any  water. 

B.  Ten  grains  of  crystallized  sulphate  of  copper  were  dis- 
solved in  water,  together  with  fifteen  grains  of  green  sulphate 
of  iron,  and  wrere  decomposed  by  sulphuretted  chyazate  of 
magnesia ; the  product  was  sulphuretted  chyazate  of  protoxide 
of  copper:  after  washing  and  drying  at  21 20,  it  weighed  4.58 
grains.  Now  as  the  whole  of  the  copper  contained  in  the  ten 
grains  of  sulphate  entered  into  the  composition  of  the  4.58 
grains  of  sulphuretted  chyazate  in  the  state  of  protoxide,  and 
as  the  quantity  in  those  ten  grains  is  according  to  Proust  2.56 
grains,  which  reckoned  as  protoxide  is  equal  to  2.88  grains, 
it  follows  that  4.58  grains  of  the  sulphuretted  chyazate  contain 
2.88  grains  of  protoxide  of  copper,  or  62.85  per  cent. 

C.  Five  grains  of  sulphuretted  chyazate  of  protoxide  of 
copper  were  decomposed  by  nitric  acid,  and  the  resulting 
nitrate  of  copper  converted  into  a muriate,  from  which  the 
copper  was  thrown  down  in  the  metallic  state  by  iron ; it 
weighed  2.82  grains,  which  reckoned  as  protoxide  is  equal  to 
3.172  grains,  or  to  63.44  per  cent. 

As  this  salt  does  not  contain  any  water  (A),  its  only  con- 
stituents are  sulphuretted  chyazic  acid  and  protoxide  of  copper, 
which  exist  in  it  in  the  following  proportions. 
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Experiment  B.  Experiment  C.  Mean  of  both. 

Sulphuretted  chyazic  acid  37.15  3 6.56  36.8 55 

Protoxide  of  copper  62.85  63.44  63.145 


100.00 


100.00 


100.000 


Analysis  of  sulphuretted  Chyazate  of  Barytes . 

A.  Ten  grains  of  this  salt  that  had  been  previously  dried 
at  2120  and  weighed  immediately,  were  heated  to  400°  for  half 
an  hour  without  losing  any  weight. 

B.  Another  ten  grains  in  the  same  state  of  dryness,  dissolved 
in  water  and  decomposed  by  sulphuric  acid,  gave  of  ignited 
sulphate  of  barytes  10.5  grains,  which  contain  according  to 
Berzelius  6.93  of  barytes. 

C.  Another  ten  grains  in  the  same  state,  and  also  dissolved 
in  water,  were  decomposed  by  muriate  of  protoxide  of  copper; 
they  produced  eight  grains  of  sulphuretted  chyazate  of  prot- 
oxide of  copper,  the  acid  contained  in  which,  by  my  analysis 
of  that  salt,  is  2.95  grains. 

The  sulphuretted  chyazate  of  barytes  fully  dried  at  2120  is 
therefore  composed  as  follows. 

Experiment  B.  Experiment  C.  Mean  of  both. 

Sulphuretted  chyazic  acid  30.7  29.5  30.1 

Barytes  - - 69.3  70.5  69.9 

100.0  1000  100.0 


The  soluble  sulphuretted  chyazates  are  excellent  tests  not 
only  for  indicating  the  presence  of  oxide  of  copper  in  a solu- 
tion, but  also  for  shewing  its  quantity  with  great  exactness,  as 
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they  precipitate  the  last  atom  of  that  oxide  from  its  solutions 
in  the  state  of  an  insoluble  salt,  whose  composition  is  known. 
In  order  that  it  should  have  this  effect  however,  the  oxide  of 
copper  should  exist  in  the  solution  as  protoxide,  (in  which 
state  it  is  seldom  obtained  in  analyses)  or  which  answers  the 
same  purpose,  a deoxidating  agent,  such  as  sulphurous  acid, 
or  its  salts,  or  a salt  of  protoxide  of  tin,  or  of  iron,  must  be 
added  to  it. 

Other  useful  applications  of  these  salts  and  of  their  acid  will 
also  naturally  occur  to  the  ingenious  analyst  who  wishes  to 
avail  himself  of  its  peculiar  actions  on  metallic  bodies.  It  would 
be  tedious  to  point  these  out,  and  their  recital  would  extend  a 
communication  that  is  already  of  greater  length  than  I could 
have  wished,  and  which  I here  close. 


Tower,  June  6,  1814. 
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XXVII.  Some  Experiments  on  the  Combustion  of  the  Diamond 
and  other  carbonaceous  Substances . By  Sir  Humphry  Davy, 
LL.  D.  F.  R.  S . F.  P.  R.  I. 

Read  June  23,  1814. 

Since  it  has  been  shewn  by  various  accurate  experiments, 
that  the  diamond  and  common  carbonaceous  substances  con- 
sume nearly  the  same  quantity  of  oxygene  in  combustion,  and 
produce  a gas  having  the  same  obvious  qualities,  a number 
of  conjectures  have  been  formed  to  explain  the  remarkable 
differences  in  the  sensible  qualities  of  these  bodies,  by  suppos- 
ing some  minute  difference  in  their  chemical  composition; 
these  conjectures  have  been  often  discussed,  it  will  not  be 
necessary  therefore  to  dwell  upon  them : M.  M.  Biot  and 
Arago,  from  the  high  refractive  power  of  the  diamond,  have 
supposed  that  it  may  contain  hydrogene  ; I ventured  to  sug- 
gest in  my  third  Bakerian  Lecture,  from  the  circumstance  of 
its  non-conducting  power,  and  from  the  action  of  potassium 
upon  it,  that  a minute  portion  of  oxygene  may  exist  in  it; 
and  in  my  Account  of  some  new  experiments  on  the  fluoric 
Compounds,*  I hazarded  the  idea  that  it  might  be  the  car- 
bonaceous principle  combined  with  some  new  light  and  sub- 
tile element  of  the  class  of  supporters  of  combustion.  M. 
Guyton  de  Morveau,  who  conceived  he  had  proved  by  ex- 
periments made  fourteen  years  ago,  that  common  carbona- 
ceous substances  were  oxides  of  diamonds,  from  his  last  re- 
searches,  conducted  in  the  same  manner  as  those  of  Messrs* 

• Phil.  Trans,  for  1814.  Part  I,  p,  72. 
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Allen  and  Pepys,  seems  still  inclined  to  adopt  this  opinion, 
though  in  admitting  a much  smaller  quantity  of  oxygene  than 
he  originally  supposed  in  charcoal ; and  he  considers  the  dia- 
mond as  pure  carbonaceous  matter,  containing,  possibly,  some 
atoms  of  water  of  crystallisation. 

I have  long  had  a desire  of  making  some  new  experiments 
on  the  combustion  of  the  diamond  and  other  carbonaceous 
substances,  and  this  desire  was  increased  by  the  new  facts 
ascertained  with  respect  to  iodine,  which  by  uniting  to  hy- 
drogene, affords  an  acid  so  analogous  to  muriatic  acid,  that  it 
was  for  some  time  confounded  with  that  substance.  My  object 
in  these  experiments,  was  to  examine  minutely  whether  any 
peculiar  matter  was  separated  from  the  diamond  during  its 
combustion,  and  to  determine  whether  the  gas,  formed  in  this 
process,  was  precisely  the  same  in  its  minute  chemical  nature, 
as  that  formed  in  the  combustion  of  common  charcoal.  I 
have  lately  been  able  to  accomplish  my  wishes;  I shall  now 
have  the  honour  of  communicating  my  results  to  the  Royal 
Society. 

During  a stay  that  I made  at  Florence  in  the  end  of  March 
and  beginning  of  April,  I made  several  experiments  on  the 
combustion  of  the  diamond,  and  of  plumbago,  by  means  of 
the  great  lens  in  the  Cabinet  of  Natural  History;  the  same  in- 
strument as  that  employed  in  the  first  trials  on  the  action  of  the 
solar  heat  on  the  diamond,  instituted  by  Cosmo  III.  Grand  Duke 
of  Tuscany  ; and  I have  since  made  a series  of  researches  on 
the  combustion  of  different  kinds  of  charcoal  at  Rome,  in  the 
laboratory  of  the  Academia  Lyncei.  In  the  first  series  I was 
honoured  by  the  assistance  of  the  Count  Bardi,  the  Director, 
and  Signior  Gazzari,  the  Professor  of  Chemistry  at  the 
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Florentine  Museum ; and  in  the  last  by  that  of  Sig.  Morrichini 
and  Barlocci,  Professors  of  the  College  Sapienza  at  Rome. 

In  the  very  first  trials  on  the  combustion  of  the  diamond,  I 
ascertained  a circumstance  that  1 believe  has  not  been  noticed 
before;  namely,  that  the  diamond,  when  strongly  ignited  by 
the  lens  in  a thin  capsule  of  platinum  perforated  with  many 
orifices,  so  as  to  admit  a free  circulation  of  air,  continues  to  burn 
in  oxygene  gas  after  being  withdrawn  from  the  focus.  The 
light  it  afiords  is  steady,  and  of  so  brilliant  a red,  as  to  be 
visible  in  the  brightest  sunshine  ; and  the  heat  produced  is  so 
great,  that  in  one  experiment,  in  which  three  fragments  of 
diamonds  weighing  1.84  grain  only  were  burnt,  a fine  wire 
of  platinum  used  for  attaching  them  to  the  tray  was  fused,  and 
that  some  time  after  the  diamonds  were  removed  out  of  the 
focus. 

The  knowledge  of  this  circumstance  enabled  me  to  adopt  a 
very  simple  apparatus  and  mode  of  operation  in  my  researches, 
and  to  complete,  in  a few  minutes,  experiments  which  have 
been  supposed  to  require  the  presence  of  a bright  sunshine 
for  many  hours. 

My  apparatus  consisted  of  clear  glass  globes  of  the  capacity 
of  from  fourteen  to  forty  cubical  inches,  having  single  aper- 
tures to  which  stop-cocks  were  attached;  a small  hollow 
cylinder  of  platinum,  which  I use  in  experiments  with  the  blow 
pipe,  was  attached  to  one  end  of  the  stop-cock,  and  was  mounted 
with  a little  perforated  capsule  of  platinum  for  containing  the 
diamond.  When  the  experiment  was  to  be  made,  the  globe 
containing  the  capsule  and  the  substance  to  be  burned  was 
exhausted  by  an  excellent  air  pump,  and  pure  oxygene  gas, 
made  from  hyperoxy muriate  of  potassa,  admitted.  The  globe 
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before  and  after  the  experiment  was  brought  to  the  same 
temperature  as  the  water  over  which  the  oxygene  gas  had 
remained.  And  as  during  the  short  time  required  for  the 
combustion  there  was  no  sensible  change  either  in  the  ther- 
mometer or  barometer,  no  corrections  for  pressure  or  tem- 
perature were  rendered  necessary ; the  change  of  volume  in 
the  gas  after  the  combustion,  was  estimated  by  means  of  a fine 
tube  connected  with  a stop-cock,  adapted  by  a proper  screw 
to  the  stop-cock  of  the  globe,  and  the  absorption  was  judged 
of  by  the  quantity  of  mercury  that  entered  the  tube,  which 
afforded  a measure  so  exact  that  no  alteration,  however  minute, 
could  be  overlooked.  As  the  elastic  force  of  the  vapour  of 
wrater  is  the  same  at  the  same  temperature,  it  was  evident, 
that  if  any  w;ater  formed  in  these  experiments,  it  would  be  de- 
posited as  dew  or  mist  in  the  globe  ; and  I am  convinced  by 

\ 

direct  trials,  that  a quantity  of  moisture  not  capable  of  being 
weighed  by  a balance  sensible  to  the  of  a grain,  is  ren- 
dered evident  by  deposition  on  a polished  glass  surface.* 

The  diamonds  were  always  heated  to  redness  before  they 
were  introduced  into  the  capsule. 

During  the  combustion  of  the  diamond,  the  glass  globe  was 
kept  cool  by  the  application  of  water  to  that  part  of  it  imme- 
diately above  the  capsule,  and  where  the  heat  was  greatest. 

In  the  first  experiment,  three  diamonds,  weighing  together 
1.63  grain,  were  entirely  consumed,  in  a quantity  of  oxygene 


• A piece  of  paper  weighing  a grain  was  introduced  into  a tube  of  about  the  capa- 
city of  four  cubical  inches,  the  exterior  of  which  was  gently  heated  by  a candle ; im- 
mediately a slight  dew  was  perceptible  in  the  interior  of  the  upper  part  of  the  tube; 
the  paper  taken  out  and  weighed  immediately  in  the  balance  above  referred  to,  had 
not  suffered  any  appreciable  diminution. 
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gas,  more  than  three  times  as  much  as  was  necessary  to  con- 
vert them  into  carbonic  acid.  In  this  case,  after  the  combustion 
had  once  commenced,  it  continued  without  a fresh  application 
of  the  lens  till  there  remained  only  a very  thin  piece  of  the 
largest  diamond  in  contact  with  the  capsule,  and  this  by  being- 
brought  into  the  focus,  rapidly  disappeared.  On  restoring  the 
globe  to  its  original  temperature,  there  was  a very  evident 
deposition  of  moisture  ; but  on  arranging  the  apparatus,  so  as 
to  ascertain  the  change  of  volume  of  the  gas,  there  entered 
only  twenty-one  grains  of  mercury.  In  this  experiment,  the 
cylinder  of  platinum  had  been  fastened  into  the  stop-cock  by 
means  of  a small  perforated  cork  ; it  seemed  probable,  when 
the  small  diminution  of  gas  was  considered,  that  the  appear- 
ance of  moisture  might  be  owing  to  the  production  of  vapour 
from  this  cork  during  the  combustion,  and  the  second  expe- 
riment demonstrated  that  this  was  the  case. 

In  this  second  experiment  1.84  grains  of  small  diamonds 
were  employed,  and  a glass  globe  of  the  capacity  of  14,9  cu- 
bical inches.  Soon  after  the  capsule  was  placed  in  the  focus 
in  bright  sunshine,  the  diamonds  burnt  with  great  brilliancy, 
and  continued  to  burn  till  they  had  considerably  diminished  in 
bulk ; but  their  splendour  of  combustion  gradually  became 
less,  and  before  they  had  apparently  lost  half  of  their  volume 
the  process  ceased.  By  placing  them  a second  time  in  the 
focus,  after  agitating  the  globe  so  as  to  change  their  places, 
the  combustion  was  again  produced ; but  the  light  was  much 
less  vivid  than  before,  and  the  combustion  continued  for  a 
much  shorter  time.  They  were  exposed  to  the  concentrated 
rays  a third  and  a fourth  time,  but  after  the  fourth  time  they 
seemed  incapable  of  burning,  and  though  kept  for  some 
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minutes  in  the  focus,  appeared  to  undergo  no  further  diminu- 
tion: two  fragments  remained,  which,  as  it  was  afterwards 
found,  weighed  .52  of  a grain  ; the  barometer  during  the  ex- 
periment was  at  29.9  inches,  the  thermometer  at  56°  Fahren- 
heit. When  the  original  temperature  of  the  globe  was  re- 
stored, there  was  not  the  slightest  appearance  of  vapour  or 
humidity;  the  interior  was  as  dear  as  before  the  experiment, 
and  there  was  no  solid  matter  of  any  kind  separated  in  the 
tray.  The  fragments  of  diamond  which  remained  were  not 
black,  but  had  lost  their  lustre  like  glass  that  has  been  acted 
on  by  fluoric  acid,  nor  at  any  period  of  the  process  was  any 
carbonaceous  appearance  perceived  upon  them.  When  the 
communication  was  made  by  the  stop-cock  between  the  inte- 
rior of  the  globe  and  a surface  of  mercury,  a minute  quantity 
entered  equal  to  1.5  grain  only. 

A portion  of  the  gas  in  the  globe  was  transferred  into  a tube 
in  the  mercurial  apparatus,  and  the  oxygene  it  contained  ab- 
sorbed by  the  combustion  of  phosphorus ; 3.5  parts  of  gas 
heated  in  this  way  left  a residuum  of  2.3  parts.  A portion  of 
the  gas  was  agitated  with  lime  water,  when  seven  parts  out 
of  ten  were  absorbed.  I exposed  the  gas  which  remained  after 
the  combustion  of  phosphorus  to  several  tests  ; it  had  not  only 
the  obvious  characters  of  carbonic  acid,  but  exhibited  exactly 
the  same  chemical  phenomena.  Potassium  strongly  heated  in 
it  in  a small  glass  tube  over  mercury,  burnt  with  a dull  red 
light,  and  formed  an  alkaline  product  of  the  same  intense 
black  colour  as  that  produced  by  its  combustion  in  the  carbonic 
acid  procured  by  the  dissolution  of  marble : distilled  water 
absorbed  rather  less  than  its  own  volume  of  the  gas,  and  be- 
came subacid,  sparkled  by  agitation,  gained  the  taste  and  smell 
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of  a solution  of  carbonic  acid  in  water,  precipitated  in  the  same 
manner  lime  water,  and  when  in  excess  redissolved  the  pre- 
cipitate. To  ascertain  if  this  precipitate  was  exactly  the  same 
in  composition  as  pure  carbonate  of  lime,  I made  a sufficient 
quantity  of  it  by  pouring  lime  water  into  the  recipient  contain- 
ing the  results  of  the  first  experiment ; and  after  collecting 
and  drying  it  at  the  temperature  of  212°  Fahrenheit,  I intro- 
duced a quantity  of  it  contained  in  some  foil  of  platinum  through 
mercury  into  a glass  tube  filled  with  mercury,  and  I heated 
in  the  same  manner  an  equal  quantity  of  finely  powdered 
Carrara  marble,  and  admitted  to  them  equal  quantities  of  so- 
lution of  muriatic  acid.  In  this  trial,  there  was  rather  more 
elastic  fluid  disengaged  from  the  Carrara  marble  than  from 
the  carbonate  of  lime  from  the  diamond ; but  on  examining 
the  foil  of  platinum  after  the  experiment,  I found  that  a little 
of  the  carbonate  had  not  been  acted  upon:  I tried  two  similar 
experiments,  substituting  bibulous  paper  instead  of  the  metallic 
foils  for  infolding  the  carbonates;  the  results  were  such  as  to 
shew  that  both  substances  afforded  the  same  quantities  of 
elastic  fluid. 

I heated  some  of  the  carbonate  from  the  diamond  in  a tube 
which  contained  potassium,  and  passed  the  potassium  through 
it  in  vapour : there  was  ignition,  and  a substance  of  a dense 
black  colour  was  formed;  this  substance  was  acted  on  by  dilute 
muriatic  acid,  when  it.  left  a fine  black  powder  which  burnt 
like  lamp  black,  and  wffien  thrown  into  fused  nitre  scintillated 
and  disappeared  in  the  same  manner  as  powdered  charcoal. 

The  gas  that  remained  in  the  second  experiment,  after  the 
absorption  of  the  carbonic  acid  gas,  vividly  supported  combus- 
tion, and  diminished  with  nitrous  gas;  but  as  the  degree  of 
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purity  of  the  oxygene  gas  with  which  the  globe  was  filled  had 
not  been  determined  before  the  experiment,  it  was  impossible 
to  ascertain  with  precision,  that  no  elastic  matter  had  been 
emitted  during  the  process.  To  determine  this  point,  I made  a 
third  experiment.  A thin  diamond  weighing  .93  of  a grain 
was  introduced  into  the  platinum  capsule,  which  was  placed 
in  a globe  filled  with  water  and  inverted  in  water,  some  oxy- 
gene gas,  the  last  portion  from  the  decomposition  of  hyper- 
oxymuriate  of  potassa,  was  thrown  into  the  globe,  so  as  to 
displace  the  water  below  the  level  of  the  capsule.  The  focus 
of  the  great  lens  was  thrown  upon  the  capsule,  which  with  the 
diamond  was  instantly  rendered  dry  by  it,  and  the  diamond 
soon  entered  into  combustion  and  burnt  as  usual.  After  the 
process  was  finished,  the  carbonic  acid  was  absorbed  by  lime 
water,  and  the  remaining  gas,  which  equalled  about  one-third 
of  the  quantity  of  oxygene  originally  used,  was  compared 
analytically  in  several  experiments  with  a portion  of  the  same 
oxygene  as  that  introduced  into  the  globe,  two  measures  of 
nitrous  gas  being  added  to  a measure  of  each  of  the  gases ; 
the  diminution  was  less  by  from  T~  to  parts  in  the  cases 
in  which  the  gas  that  had  been  exposed  to  the  action  of  the 
diamond  was  used ; but  this  minute  difference  is  what  might 
have  been  expected,  and  which  indeed  could  not  fail  to  exist, 
when  it  is  considered  that,  during  the  absorption  of  carbonic 
acid  gas  by  water  and  lime  water,  a small  quantity  of  common 
air  is  always  expelled  from  the  water. 

In  this  last  experiment  a small  fragment  of  diamond  re- 
mained unconsumed,  which  was  similar  in  appearance  to  that 
mentioned  in  the  second  experiment,  and  its  colour,  which  was 
originally  yellow,  was  rendered  rather  darker.  In  no  one  of 
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the  three  experiments  was  there  any  distinct  appearance  of 
carbonization,  when  the  process  was  stopped  in  consequence 
of  the  impurity  of  the  gas;  though  the  diamonds  were  of 
various  colours  and  different  lustres. 

A piece  of  plumbago  from  Borrowdale  in  Cumberland, 
weighing  two  grains,  was  exposed  in  the  focus  in  the  same 
manner  as  the  diamond  in  the  first  and  second  experiments, 
having  been  previously  heated  red ; the  quantity  of  oxygene 
gas  employed  was  8.5  cubical  inches:  more  than  half  the 
plumbago  remained  unconsumed,  and  during  the  combustion 
some  brown  ashes  were  produced.  The  phenomena  in  this 
experiment  were  very  different  from  those  observed  in  the 
experiments  on  the  diamond,  the  gas  became  clouded  during 
the  process,  and  there  was  a considerable  deposition  of  dew 
on  the  interior  of  the  globe.  When  the  original  temperature 
of  the  globe  was  restored,  and  the  stop- cock  opened,  96.6  grains 
of  mercury  entered,  and  drops  of  moisture  even  were  observed 
condensed  on  the  sides  of  the  vessel. 

In  the  second  series  of  experiments,  charcoal  formed  by  the 
action  of  sulphuric  acid  on  oil  of  turpentine,  and  some  pro- 
duced during  the  formation  of  sulphuric  ether,  from  which 
nitric  acid  had  been  distilled,  and  which  afterwards  had  been 
strongly  ignited,  and  charcoal  of  oak  which  had  undergone 
the  same  process,  were  used. 

Three  grains  of  the  charcoal  from  turpentine  were  em- 
ployed, 2.5  of  that  from  alcohol,  and  five  grains  of  the  charcoal 
of  the  oak : in  all  these  instances  of  combustion  the  gas  be- 
came clouded  during  the  combustion,  and  when  the  original 
temperature  of  the  globe  was  restored,  moisture  was  found 
condensed  in  the  interior;  much  the  largest  quantity  in  the 
mdcccxjv.  4 D 
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experiment  on  the  charcoal  of  oak,  and  the  least  in  that  on 
the  charcoal  procured  from  oil  of  turpentine.  The  charcoal 
from  oak  left  a residuum  of  white  ashes,  which  was  princi- 
pally carbonate  of  lime ; that  from  oil  of  turpentine  produced 
no  residuum  ; that  from  alcohol,  which  was  formed  in  a com- 
mon process  of  the  manufacture  of  ether,  left  a minute  quan- 
tity of  ashes,  probably  owing  to  the  impurity  of  the  sulphuric 
acid  employed. 

The  quantity  of  mercury  which  entered  the  apparatus  indi- 
cating the  change  of  volume  of  the  gas,  was  in  the  experiment 
on  the  charcoal  of  oil  of  turpentine  - 107.5  grains 

In  that  on  the  charcoal  of  alcohol  - *94-5 

In  that  on  the  charcoal  of  oak  - 513.3 

From  the  results  of  these  different  experiments,  it  appears 
evident,  that  the  diamond  affords  no  other  substance  by  its 
combustion  than  pure  carbonic  acid  gas ; and  that  the  process 
is  merely  a solution  of  diamond  in  oxygene,  without  any  change 
in  the  volume  of  the  gas  ; for  the  slight  absorption  in  the  se- 
cond experiment  is  scarcely  more  than  a compensation  for  the 
volume  occupied  by  the  diamonds  consumed. 

It  is  likewise  evident  that  in  the  combustion  of  the  different 
kinds  of  charcoal,  water  is  produced ; and  from  the  diminu- 
tion of  the  volume  of  the  gas,  there  is  every  reason  to  believe, 
that  the  water  is  formed  by  the  combustion  of  hydrogene  ex- 
isting in  the  charcoal,  and  experiments  which  I have  referred 
to,  or  detailed  in  my  third  Bakerian  Lecture,  prove  the  pre- 
sence of  hydrogene  in  common  charcoal,  and  as  the  charcoal 
from  the  oil  of  turpentine  left  no  residuum,  no  other  cause  but 
the  presence  of  hydrogene  can  be  assigned  for  the  diminution 
occasioned  in  the  volume  of  the  gas  during  its  combustion. 
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M.  Guyton  de  Morveau*  has  noticed  the  production  of 
water  during  the  combustion  of  plumbago  from  Keswick,  and 
from  these  experiments  it  is  most  probable,  that  it  is  formed 
in  the  process  of  combustion,  for  it  is  unlikely  that  water 
should  remain  in  union  with  plumbago  at  a red  heat ; and  in 
the  various  experiments  that  I have  made  on  the  ignition  of 
plumbago  by  Voltaic  electricity,  I have  never  perceived  the 
separation  of  any  moisture,  or  the  production  of  any  gas;  so 
that  it  seems  most  likely  that  it  contains  intimately  combined 
hydrogene.  It  cannot  be  supposed  that  water  exists  in  it  in 
union  with  oxide  of  iron,  for  in  this  case,  there  would  be  no 
obvious  cause  for  the  diminution  of  the  volume  of  the  gas ; 
and  all  analogy  is  in  favour  of  the  conclusion  that  the  iron  is 
in  a metallic  state. 

The  general  tenor  of  the  results  of  these  experiments  is 
opposed  to  the  opinion,  that  common  carbonaceous  substances 
differ  from  the  diamond  by  containing  oxygene;  for  in  this 
case  they  ought  to  increase  and  not  diminish  the  volume  of 
oxygene:  nor,  on  the  other  hand,  is  it  favourable  to  the  sup- 
position that  the  diamond  contains  oxygene,  for  the  difference 
in  the  quantity  of  carbonic  acid  produced  in  the  different  ex- 
periments, is  no  more  than  may  be  reasonably  ascribed  to  the 
generation  of  water,  in  the  combustion  of  the  common  carbo- 
naceous substances;  and  the  results  of  the  experiments,  to 
which  I have  referred  in  the  beginning  of  this  Paper  on  the 
action  of  potassium  on  the  diamond,  may  be  easily  accounted 
for  from  other  circumstances,  •f 

* Annales  de  Chimie,  Tome  LXXXIV.  page  241. 

f See  Baherian  Lecture  for  1808.  Potassium  decomposes  the  silica  in  glass  by 
being  heated  in  contact  with  it,  and  in  the  case  in  which  equal  quantities  of  potassium 
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That  charcoal  is  more  inflammable  than  the  diamond  may 
be  explained  from  the  looseness  of  its  texture,  and  from  the 
hydrogene  it  contains ; but  the  diamond  appears  to  burn  in 
oxygene  with  as  much  facility  as  plumbago,  so  that  at  least 
one  distinction  supposed  to  exist  between  the  diamond  and 
common  carbonaceous  substances  is  done  away  by  these  re- 
searches. 

A fact  which  I formerly  noticed,  the  blackening  of  diamond 
by  the  long  continued  action  of  heated  potassium,  induced  me 
to  suspect  in  the  beginning  of  these  irquiries,  that  common 
charcoal  might  owe  its  colour,  opacity,  and  conducting  power, 
to  the  circumstance  of  its  containing  minute  portions  of  the 
metals  of  the  alkalies,  or  earths,  and  plumbago  to  the  iron  it 
contains;  but  when  I found  that  charcoal  made  from  oil  of 
turpentine,  which  left  no  residuum  in  burning,  and  charcoal 
precipitated  from  carburetted  hydrogene  gas  by  chlorine, 
had  the  same  properties,  it  was  necessary  to  renounce  this 
opinion. 

The  only  chemical  difference  perceptible  between  diamond 
and  the  purest  charcoal,  is  that  the  last  contains  a minute  por- 
tion of  hydrogene ; but  can  a quantity  of  an  element,  less  in 
some  cases  than  yo'ooq  Part  °f  weight  of  the  substance, 
occasion  so  great  a difference  in  physical  and  chemical  cha- 
racters ? This  is  possible,  yet  it  is  contrary  to  analogy,  and  I 
am  more  inclined  to  adopt  the  opinion  of  Mr.  Tennant,  that 
the  difference  depends  upon  crystallization.  Transparent  solid 
bodies  are  in  general  non-conductors  of  electricity,  and  it  is 

were  long  heated  in  glass  tubes,  the  one  in  contact  with  diamonds,  the  other  alone, 
that  in  contact  with  the  diamonds  must  have  acted  upon  a much  greater  surface  of 
glass. 
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probable  that  the  same  corpuscular  arrangements  which  give 
to  matter  the  power  of  transmitting  and  polarizing  light,  are 
likewise  connected  with  its  relations  to  electricity ; and  water, 
the  hydrates  of  the  alkalies,  and  a number  of  other  bodies 
which  are  conductors  of  electricity  when  fluid,  become  non- 
conductors in  their  crystallized  form. 

The  power  possessed  by  certain  carbonaceous  substances  of 
absorbing  gases,  and  separating  colouring  matters  from  fluids, 
is  probably  mechanical  and  dependent  upon  their  porous  na- 
ture ; for  it  belongs  in  the  highest  degree  to  vegetable  and 
animal  charcoal,  and  it  does  not  exist  in  plumbago,  coke,  or 
anthracolite. 

The  same  conclusions  respecting  the  composition  of  carbo- 
nic acid  may  be  drawn  from  these  experiments,  as  from  those 
of  Messrs.  Allen  and  Pepys,  and  Theodore  de  Saussure.  If 
the  calculations  be  founded  upon  the  difference  of  the  weights 
of  oxygene  and  carbonic  acid  gases,  which  appears  the  most 
exact  method,  carbonic  acid  gas  will  contain,  according  to  the 
estimate  of  the  mean  specific  of  the  gravities  of  the  two  gases 
given  by  M.  Theodore  de  Saussure,*  thirty  parts  of  oxygene, 
or  two  definite  proportions,  to  11.3  parts  of  carbon,  or  one 
definite  proportion. 

Supposing  the  diminution  of  the  oxygene  produced  in  the 
experiments  on  the  common  carbonaceous  substances  entirely 
occasioned  by  the  formation  of  water,  it  is  easy  to  calculate 
the  proportions  of  hydrogene  in  them ; but  in  the  case  of 
plumbago  there  is  probably  a diminution  of  oxygene,  from 
the  oxidation  of  the  iron  *,  and  it  is  not  certain  that  the  ashes 

* Annales  de  Chimie,  Tome  LXXI.  pag.  261.  This  estimation  is  the  same  as  that 
I have  given.  Elements  of  Chem.  Phil.  pag.  305. 
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afforded  by  the  charcoal  from  vegetable  substances  exist  in  it 
in  the  state  of  earths  and  alkalies : and  as  the  quantity  of 
hydrogene  varies  according  to  the  degree  of  heat  to  which 
charcoal  has  been  exposed,  it  is  almost  useless  to  attempt  to 
assign  its  proportion  in  any  particular  case,  especially  when 
the  largest  portion  is  so  extremely  minute. 

The  nature  of  the  chemical  difference  between  the  diamond 
and  other  carbonaceous  substances  may  be  demonstrated  by 
another  process,  namely,  igniting  them  in  chlorine ; when 
common  well  burnt  charcoal,  or  plumbago  from  Cumberland, 
is  intensely  ignited  in  chlorine,  white  fumes  are  immediately 
perceived  in  consequence  of  the  production  of  muriatic  acid 
gas  by  the  hydrogene,  which  acid  precipitates  the  aqueous 
vapour  in  the  chlorine;  but  the  diamond  occasions  no  such 
effect.  A small  diamond,  weighing  .45  of  a grain,  was  kept 
in  a state  of  intense  ignition  by  the  great  lens  of  the  Floren- 
tine Museum  for  more  than  half  an  hour,  but  the  gas  suffered 
no  change,  and  the  diamond  had  undergone  no  diminution  of 
weight,  and  was  not  altered  in  appearance. 

Charcoal,  after  being  intensely  ignited  in  chlorine,  is  not 
altered  in  its  conducting  power,  or  colour;  and  this  circumstance 
is  in  favour  of  the  opinion,  that  the  minute  quantity  of  hydro- 
gene is  not  the  cause  of  the  great  difference  between  the 
physical  properties  of  the  diamond  and  charcoal. 
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XXVIII.  Some  Account  of  the  fossil  Remains  of  an  Animal  more 
nearly  allied  to  Fishes  than  any  of  the  other  Classes  of  Animals. 
By  Sir  Everard  Home,  Bart.  F.  R . S. 


Read  June  23,  1814,. 

The  study  of  comparative  anatomy  is  not  confined  to  the 
animals  that  at  present  inhabit  the  earth,  but  extends  to  the 
remains  of  such  as  existed  in  the  most  remote  periods  of  an- 
tiquity; among  these  may  be  classed  the  specimen  which  forms 
the  subject  of  the  present  Paper. 

That  the  bones  of  the  elephant,  rhinoceros,  hippopotamus, 
crocodile,  and  of  many  other  animals  should  be  met  with  in 
a fossil  state  in  this  island,  in  such  numbers  as  to  make  it  ap- 
pear that  at  some  distant  period  they  were  inhabitants  of  Great 
Britain,  is  perhaps  one  of  the  most  wonderful  circumstances 
that  occurs  in  the  history  of  the  earth. 

To  discover  the  changes  that  have  taken  place  in  our 
globe,  which  can  account  for  the  remains  of  animals  only  fitted 
to  live  in  warm  climates  being  found  in  so  northern  a situa- 
tion ; and  to  explain  the  circumstance  of  human  bones  never 
having  been  met  with  in  a fossil  state,  is  the  province  of  the 
geologist.  To  examine  such  fossil  bones,  and  to  determine 
the  class  to  which  the  animals  belonged,  comes  within  the 
sphere  of  inquiry  of  the  anatomist,  and  considerably  increases 
its  extent. 
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This  branch  of  comparative  anatomy  not  only  brings  to  our 
knowledge  races  of  animals  very  different  from  those  with 
which  we  are  acquainted,  but  supplies  intermediate  links  in 
the  gradation  of  structure,  by  means  of  which  the  different 
classes  will  probably  be  found  so  imperceptibly  to  run  into  one 
another,  that  they  will  no  longer  be  accounted  distinct,  but 
only  portions  of  one  series,  and  show  that  the  whole  of  the 
animal  creation  forms  a regular  and  connected  chain. 

The  fossil  remains  of  animals  are  too  frequently  brought 
under  our  observation  in  a very  mutilated  state;  or  are  so 
intimately  connected  with  the  substances  in  which  they  are 
deposited,  that  it  is  difficult  to  make  out  the  figure  of  the  bones. 
In  the  present  instance,  the  pains  that  have  been  taken,  and 
the  skill  which  has  been  exerted  in  removing  the  surrounding 
stone,  under  the  superintendance  of  Mr.  Bullock,  in  whose 
Museum  of  Natural  History  the  specimen  is  preserved,  have 
brought  the  parts  distinctly  into  view. 

This  specimen  was  found  upon  an  estate  of  Henry  Host 
Henley,  Esq.  between  Lyme  and  Charmouth,  in  Dorsetshire, 
in  a cliff' thirty  or  forty  feet  above  the  level  of  the  sea-shore. 
It  had  been  thrown  down  by  the  breaking  off  of  a part  of  the 
cliff,  and  buried  in  the  sand  upon  the  shore,  to  the  depth  of 
nearly  two  feet.  The  skull  was  dug  out  in  1812,  the  other 
parts  in  the  following  year,  at  a distance  of  some  feet. 

The  cliff' is  composed  of  that  species  of  argillaceous  lime- 
stone called  blue  lias,  in  which  the  fossil  bones  were  deposited. 
Above  the  lias  there  is  only  a thin  layer  of  black  earth. 

The  figure  and  appearance  of  the  fossil  bones  are  so  accu- 
rately shewn  in  the  annexed  drawings,  (Plates  xvii.  xviii.  xix. 
xx.)  as  to  make  a very  particular  description  of  them  unnecessary. 
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The  head  is  four  feet  long,  and  all  the  parts  of  one  side  of  the 
skull,  and  of  the  upper  and  under  jaw,  are  very  distinct:  the 
vertebrae  immediately  behind  the  skull  remain  in  their  natural 
situation  respecting  the  head  ; many  of  the  other  bones  have 
been  displaced  in  a greater  or  less  degree,  shewing  that  the 
skeleton,  before  the  bones  were  rendered  fossil,  had  been 
pressed  upon  by  a considerable  weight,  which  had  broken 
many  of  them,  and  entirely  destroyed  others. 

The  lower  jaw  had  been  forced  a little  backwards,  and  the 
intermediate  bone,  by  which  it  was  attached  to  the  skull,  dis- 
placed ; but  a portion  of  it  is  seen  projecting  beyond  the  base 
of  the  lower  jaw. 

The  bony  sclerotic  coat  of  the  eye  on  one  side  is  entire ; 
that  of  the  other  is  forced  through  the  nose,  and  a part  of  it 
is  seen  in  the  opening  of  the  nostril,  which  is  enlarged  by  the 
bones  in  which  it  is  situated  being  broken. 

The  vertebrae  of  the  back  have  been  twisted,  and  their  spi- 
nous processes  broken  off ; one  of  them  in  a detached  state  is 
preserved  sufficiently  entire  to  shew  its  shape,  and  the  size  of 
the  canal  which  contained  the  spinal  marrow. 

The  anterior  surfaces  of  the  dorsal  vertebrae  are  exposed, 
and  several  of  the  ribs  of  the  opposite  side  remain  in  their  place, 
connected  to  the  vertebrae,  with  their  concave  surfaces  upper- 
most. Those  of  the  other  side  are  all  forced  down  upon  the 
vertebrae,  and  squeezed  into  a mass  : the  pressure  has  been  so 
great,  as  to  give  many  of  them  a fluted  appearance,  the  middle 
line  being  more  crushed  than  the  edges ; they  are  not  only  in 
close  contact  with  the  vertebrae,  but  are  made  to  follow  all  the 
irregularities  of  their  surface,  so  forcibly  have  they  been  beaten 
in  upon  them. 
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One  scapula  remains  nearly  in  its  place,  on  the  outside  of 
the  ribs;  the  other,  less  perfect  in  its  form,  is  seen  in  the  mass 
of  blue  lias  beyond  the  broken  ends  of  the  concave  ribs  of  the 
opposite  side. 

In  the  same  situation  are  several  broken  fragments  of  bones 
cemented  together,  but  not  sufficiently  entire  to  have  their 
forms  made  out;  beyond  these  are  three  small  flattened  bones 
connected  to  one  another,  having  their  natural  form. 

The  number  of  vertebrae  collected,  which  appear  to  have 
formed  one  connected  chain,  is  sixty,  and  when  these  are  placed 
in  a line,  the  skeleton  measures  about  seventeen  feet.  The  di- 
mensions of  the  largest  vertebrae  are  one  inch  and  a half  thick, 
three  inches  broad  from  side  to  side ; and  three  and  a half 
broad  from  the  anterior  surface  to  the  origin  of  the  spinous 
process. 

There  are  other  vertebrae  in  the  same  blue  lias,  but  they 
are  much  smaller,  and  there  is  no  evidence  of  their  having 
belonged  to  the  same  animal. 

Detached  portions  of  ribs  were  found  so  much  crushed,  that 
the  softer  middle  part  appeared  split  through ; but  on  a close 
examination,  some  of  the  substance  of  the  rib  was  found  to 
remain,  although  a deep  sulcus  in  this  way  had  been  formed. 
This  very  uncommon  appearance  is  represented  in  the  annexed 
drawing. 

There  are  other  fragments  of  fossil  bones  collected  from  the 
same  place,  and  evidently  deposited  at  the  same  time;  but  as 
they  are  too  imperfect  to  enable  me  to  ascertain  the  exact 
figure  of  the  bones,  and  it  cannot  be  determined  whether  they 
really  belonged  to  this  animal,  or  to  others,  I have  not  ven- 
tured to  notice  them  on  the  present  occasion. 


575 


fossil  Remains  of  an  Animal . 

The  circumstance  of  the  lower  jaw  extending  backwards 
beyond  the  skull,  and  there  being  an  appearance  of  small 
conical  teeth  contained  within  the  large  ones,  led  me  to  believe 
that  the  skull  belonged  to  a species  of  crocodile ; but  this  con- 
jecture was  readily  proved  to  be  erroneous  by  an  examination 
of  the  intervertebral  joint,  which  is  an  oval  cavity,  only  met 
with  in  fishes.  The  spinous  process  of  one  of  the  vertebrae 
which  is  preserved,  shews  that  the  fish  was  not  of  the  family 
of  sharks  or  rays. 

As  no  fishes  that  I am  acquainted  with,  have  the  young 
teeth  growing  up  in  the  cavities  of  the  old  ones,  it  became  ne- 
cessary to  ascertain  whether  these  teeth  were  really  of  that 
description.  This  was  done  by  splitting  one  of  them,  and  its 
cavity  was  found  to  contain  calcareous  spar,  in  appearance 
only  resembling  a young  tooth  ; the  characteristic  mark  there- 
fore of  crocodile's  teeth,  which  had  at  first  been  so  very  im- 
posing, was  thus  removed. 

Upon  examining  the  mode  in  which  the  lowrer  jaw  is  con- 
nected to  the  skull,  there  appears  to  have  been  no  regular 
joint,  as  in  the  crocodile,  but  a long  intermediate  flat  bone,  as 
in  many  fishes. 

The  sclerotic  coat  of  the  eye  being  composed  of  bone,  is  a 
character  of  the  eye  of  fishes,  and  not  met  with  in  the  croco- 
dile. In  this  animal  there  is  a subdivision  into  thirteen  plates, 
which  is  only  met  with  in  birds. 

The  situation  of  the  nostrils,  one  of  which  is  tolerably  dis- 
tinct, corresponds  with  those  of  fishes. 

The  mode  of  articulation  of  the  lower  jaw  with  the  skull, 
admits  the  mouth  to  be  opened  to  a great  extent ; in  this  re- 
spect it  resembles  what  is  met  with  in  the  voracious  fishes,  of 
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which  I may  mention  the  pike  as  an  example;  but  in  them  the 
teeth  are  not  conical,  nor  does  the  lower  jaw  extend  so  far 
back  under  the  skull.  The  vertebrae  and  ribs  are  not  unlike 
those  of  the  pike,  but  the  spinous  processes  are  a great  deal 
shorter. 

The  jaws  and  scapulae,  both  in  shape  and  size,  are  more  like 
those  of  the  crocodile  than  of  any  fishes  at  present  known, 
and  the  three  small  flat  bones  near  the  broken  portion  of  the 
scapula,  have  a resemblance  to  those  of  the  tarsus  of  a species 
of  turtle. 

These  particulars,  in  which  the  bones  of  this  animal  differ 
from  those  of  fishes,  are  sufficient  to  shew,  that  although  the 
mode  of  its  progressive  motion  has  induced  me  to  place  it  in 
that  class,  I by  no  means  consider  it  as  wholly  a fish,  when 
compared  with  other  fishes,  but  rather  view  it  in  a similar  light 
to  those  animals  met  with  in  New  South  Wales,  which  appear 
to  be  so  many  deviations  from  ordinary  structure,  for  the 
purpose  of  making  intermediate  connecting  links,  to  unite  in 
the  closest  manner  the  classes  of  which  the  great  chain  of 
animated  beings  is  composed. 


EXPLANATION  OF  THE  PLATES. 

Plate  XVII.  A side  view  of  the  skull  and  the  two  jaws. 
a a.  The  blue  lias  in  which  the  skull  was  imbedded. 
h b.  The  bony  plates  in  the  sclerotic  coat  of  the  eye. 
c c.  The  bony  plates  of  the  sclerotic  coat  of  the  opposite 
eye  forced  through  the  bones  of  the  nose,  and  only  partially 
exposed. 
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dd . Broken  teeth,  the  cavities  filled  with  calcareous  spar. 

e e.  A portion  of  the  intermediate  bone,  by  which  the  lower 
jaw  is  connected  to  the  skull. 

fff  Three  vertebras  connected  to  the  skull. 

Plate  XVIII.  The  continuation  of  the  chain  of  vertebras  bro- 
ken off  from  the  mass  represented  in  Plate  XVII.  The  broken 
surfaces  when  applied  to  each  other  were  found  to  fit  exactly. 

The  anterior  surfaces  of  the  vertebrae  are  exposed,  the  ribs 
of  the  left  side  are  seen  upon  the  convex  surface,  those  op- 
posite on  the  concave.  The  left  scapula  lies  over  the  ribs,  a 
portion  of  the  right  scapula  is  seen  detached. 

a a . Some  of  the  ribs  so  much  crushed  in  the  middle  line  of 
their  length,  as  to  appear  fluted. 

b.  The  broken  portion  of  scapula. 

c,  d,  e.  Bones  bearing  some  slight  resemblance  to  those  of 
the  tarsus  of  the  turtle. 

f,g.  Fragments  of  bones  too  imperfect  to  have  their  form 
ascertained. 

Plate  XIX.  Portions  of  ribs  imbedded  in  blue  lias,  to  shew 
the  fluted  appearance;  the  parts  are  represented  of  the  natural 
size. 

Plate  XX.  Three  vertebrae  sawn  through  in  a longitudinal 
direction  to  shew  the  intervertebral  cavities  which  are  filled 
with  blue  lias.  Also  one  of  the  spinous  processes  broken  off', 
in  which  is  seen  the  canal  for  the  spinal  marrow. 

a.  The  detached  spinous  process. 

bbbbbb.  Fragments  of  bones. 

cc.  The  blue  lias,  in  which  they  are  imbedded. 


XXIX.  On  an  easier  Mode  of  procuring  Potassium  than  that 
which  is  now  adopted.  By  Smithson  Tennant,  Esq.  F.  R.  S. 


Read  June  23,  1814. 

The  great  discovery  of  Sir  H.  Davy,  that  the  alkalies  might 
be  decomposed  by  the  Voltaic  electricity,  was  soon  succeeded 
by  that  of  Gay  Lussac  and  Thenard,  who  shewed  that  a 
similar  decomposition  of  them  might  be  produced  by  means 
of  iron. 

Besides  the  new  and  unexpected  fact  which  was  thus  brought 
to  light,  that  the  alkaline  metals  might  be  deprived  of  oxygen 
by  a substance  inferior  to  them  in  attraction  ; this  new  pro- 
cess was  highly  valuable,  in  affording  the  means  of  obtaining 
them  far  more  abundantly  than  by  electricity. 

The  circumstances  described  by  Gay  Lussac  and  Thenard, 
as  requisite  for  producing  the  decomposition  of  the  alkalies  by 
iron,  are  first,  that  the  iron  should  be  intensely  heated,  and  after- 
wards that  the  alkalies  should  be  brought  in  contact  with  it  in 
that  heated  state.  For  this  purpose  a furnace  must  be  made, 
capable  of  admitting  a gun  barrel,  containing  the  iron  turn- 
ings, to  pass  through  it,  and  a short  piece  of  barrel  containing 
the  alkali  must  be  adapted  to  the  former  by  grinding,  so  as  to 
be  air  tight.  As  this  short  piece  of  barrel  is  out  of  the  fur- 
nace, G.  Lussac  and  Thenard  direct  that  a separate  fire  be 
applied  to  it,  in  order  to  make  the  alkali  pass  from  it  into  the 
longer  barrel.  To  avoid  the  necessity  of  a separate  fire,  this 
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passage  of  the  alkali  has,  in  England,  been  generally  effected 
through  a small  perforation  between  the  two  barrels,  being 
poured  very  hot  into  the  smaller  barrel,  which  is  then  closed 
with  a ground  stopper. 

The  process  conducted  in  either  way  requires  the  construc- 
tion of  a particular  furnace,  and  the  correct  fitting  of  the  barrels 
by  grinding,  so  as  to  be  air  tight,  and  being  somewhat  com- 
plicated is  not  always  performed  with  success. 

As  it  was  very  desirable  to  facilitate  the  mode  of  obtaining 
potassium,  which  is  so  powerful  a chemical  agent,  I have  at- 
tempted to  simplify  the  process,  and  having  so  far  succeeded 
as  to  render  it  capable  of  being  performed  in  a common  smith’s 
fire,  and  without  the  junction  of  the  iron  barrels  by  grinding, 
I have  thought  it  might  deserve  to  be  communicated  to  the 
Royal  Society. 

If  it  was  absolutely  necessary  to  heat  the  alkali  and  iron 
separately,  and  in  that  state  to  unite  them,  no  material  im- 
provement in  the  simplicity  of  the  present  apparatus  could  be 
reasonably  looked  for;  but  upon  considering  that  the  alkali 
frequently  passed  through  the  short  barrel  in  a few  minutes, 
it  did  not  seem  probable  that  much  of  the  potassium  was  then 
formed,  since  the  whole  operation  required  a continuance  of 
the  heat  for  near  an  hour. 

In  order  therefore  to  learn  whether  potassium  might  not 
be  produced  merely  by  distilling  turnings  of  iron  and  potash, 
I put  the  two  together  into  a piece  of  gun  barrel,  the  lower 
end  of  which  was  closed  by  welding,  and  the  upper  end  by  a 
cork,  having  a small  glass  tube  through  it  to  admit  the  escape 
of  air. 

The  lower  end  of  the  barrel  being  coated  as  usual  with  lute 
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to  protect  it  from  the  air,  was  exposed  to  a strong  heat,  whilst 
the  upper  part  was  kept  cool,  and  upon  opening  the  barrel, 
when  it  had  become  quite  cold,  it  was  found  that  potassium 
had  sublimed  into  the  upper  part.  The  potassium,  however, 
so  produced,  though  it  burnt  on  contact  with  water,  had  not 
the  purely  metallic  aspect  of  that  formed  in  the  common 
mode.  It  was  of  a more  dusky  appearance,  resembling  a mix- 
ture of  some  black  powder  with  potassium.  As  it  seemed 
probable  that  some  of  the  potash  had  risen  along  with  the 
potassium,  I repeated  the  experiment  with  attention,  to  heat 
the  barrel  to  a greater  length,  so  as  to  force  the  potassium  to 
rise  further  from  the  ingredients  below,  but  the  potassium 
formed  with  this  precaution  had  nearly  the  same  dusky  ap- 
pearance as  before. 

After  trying  different  means  for  obviating  this  imperfection, 
I found  the  following  to  be  quite  effectual.  Into  the  upper 
part  of  the  barrel  a narrower  piece,  nearly  fitting  it,  was  in- 
serted, open  only  by  a perforation  at  the  lower  end  to  admit 
the„  vapour  of  the  potassium  to  pass  into  it,  and  upon  dis- 
tilling potash  and  iron  turnings  with  this  addition,  the  potas- 
sium rose  into  the  narrow  tube,  quite  pure,  with  its  usual 
brightness. 

The  most  convenient  dimensions  of  the  apparatus,  are  for 
the  external  barrel  to  be  about  a foot  and  a half  long,  and  the 
internal  one  about  seven  or  eight  inches.  The  latter  should 
not  be  wholly  inserted  in  the  former,  but  about  an  inch  of  it 
left  out  for  the  greater  ease  in  withdrawing  it.  The  width  is 
in  general  determined  by  that  of  a common  gun  barrel,  but 
may  be  increased  to  a certain  degree.  I have  had  the  thick 
part  of  a gun  barrel  so  much  enlarged  by  hammering  it  thinner. 
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as  to  contain  twice  as  much  iron  turnings  and  potash,  and  have 
employed  it  with  success.  But  on  the  other  hand,  there  are 
limits  to  this  extension  of  the  width,  arising  from  the  increased 
difficulty  of  making  the  heat  penetrate  throughout. 

The  opening  of  the  barrels  at  the  top  must  be  covered  with 
a cap  or  wide  tube,  which  being  at  a distance  from  the  fire 
need  only  be  fastened  with  sealing  wax,  but  for  the  greater 
security  of  keeping  this  part  cool,  the  whole  of  the  tube  which 
is  out  of  the  fire  should  be  wrapped  round  with  linen  or  blot- 
ting paper  kept  wet. 

The  opening  of  the  wide  tube  must  be  closed  with  a cork 
having  a crooked  tube  of  glass  through  it,  containing  a drop 
of  mercury,  which  being  moved  by  the  passage  of  the  air 
shews  that  the  vessels  are  perfectly  tight.  But  the  annexed 
sketch  will  at  once  shew  both  the  construction  and  dimensions 


of  the  apparatus.  Glass  tube. 
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The  principal  point  to  be  attended  to,  both  in  this  and  in  the 
common  mode,  is  the  giving  a strong  heat,  which  should  be 
continued  for  the  greater  part  of  an  hour;  and  to  enable  the 
iron  barrel  to  support  this,  it  is  quite  essential  to  cover  it  with 
a proper  lute,  carefully  applied. 

The  lute  which  I have  found  most  effectual  for  this  purpose 
was  composed  of  a small  proportion  of  Stourbridge  clay  in  its 
natural  state,  with  a much  larger  proportion  which  had  before 
been  burnt  and  powdered,  and  both  of  which  may  be  easily 
had  at  any  glass  house. 


XXX.  On  the  influence  of  the  Nerves  upon  the  Action  of  the 
Arteries.  By  Sir  Everard  Home,  Bart . F.  R.  S. 

Read  June  30,  1814. 

That  the  pulsations  of  the  arteries  correspond  in  their  fre- 
quency with  the  contractions  of  the  left  ventricle  of  the  heart, 
is  universally  admitted;  and  those  pulsations  continuing  in  the 
arteries  after  the  limb  to  which  they  belong  is  rendered  para- 
lytic, has  led  to  the  belief,  that  all  arterial  action  is  independent 
of  nervous  influence. 

The  object  of  the  present  Paper  is  to  shew  that  the  nerves 
which  accompany  the  arteries  regulate  their  actions,  and  it  is 
through  their  agency  that  the  blood  is  distributed  in  different 
proportions  to  the  different  parts  of  the  body. 

The  facts  which  have  led  me  to  conclude  that  this  office  is 
performed  by  the  nerves,  I shall  lay  before  the  Society  in  the 
order  in  which  they  occurred. 

An  officer,  who  had  been  wounded  by  a musket  ball  in  the 
leg  immediately  below  the  knee,  came  under  my  care.  With 
a view  to  find  the  ball,  a seton  was  passed  in  the  course  it  had 
taken,  and  brought  through  the  skin  just  beyond  the  part  in 
which  it  was  lodged ; a caustic  was  then  applied  to  the  skin 
just  below  the  tuberosity  of  the  tibra,  to  which  the  ligament 
of  the  patella  is  attached : it  produced  great  pain  all  round  the 
joint  and  through  the  leg,  and  what  was  very  remarkable,  the 
matter  in  the  canal  surrounding  the  seton  rose  and  fell  with 
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great  violence ; this  circumstance  induced  me  to  feel  the  pulse 
at  the  wrist,  and  to  keep  my  finger  upon  it  during  the  time  this 
effect  upon  the  pus  continued,  which  was  several  minutes,  cor- 
responding with  the  pulse  at  the  wrist,  which,  however,  had 
been  in  no  degree  disturbed. 

The  increased  action  of  the  arteries,  rendered  evident  by  the 
effect  upon  the  pus,  following  so  closely  upon  an  irritation  on 
the  neighbouring  nerves,  made  it  clear  that  it  arose  from  that 
cause,  and  brought  to  my  recollection  an  instance,  in  which 
the  aorta  had  been  seen  pulsating  with  great  violence,  in 
consequence  of  an  irritation  upon  the  nerves  of  the  urinary 
bladder. 

To  ascertain  whether  such  a connection  between  the  actions 
of  nerves  and  arteries  could  be  demonstrated  in  a state  of 
health,  as  well  as  disease, I instituted  the  following  experiments, 
which  were  made  in  the  presence  of  Mr.  Brodie  and  other 
gentlemen  competent  to  form  a judgment  respecting  them. 

The  carotid  artery  of  a dog  was  laid  bare,  the  intercostal 
nerve  and  par  vagum,  which  form  one  bundle,  were  separated 
from  it  by  a flattened  probe  for  one-tenth  of  an  inch  in  length, 
the  head  and  neck  were  then  placed  in  an  easy  position,  and 
the  pulsations  attended  to  by  all  present,  for  two  minutes,  that 
the  eye  might  be  accustomed  to  them  in  their  natural  state : 
the  nerve  passing  over  the  probe  was  then  slightly  touched 
with  the  kali  purum.  In  a minute  and  a half  the  pulsations  of  the 
exposed  artery  became  more  distinct;  in  two  minutes  the  beats 
were  stronger,  and  in  three  more  violent;  in  four  minutes  the 
violence  was  lessened,  and  in  five  minutes  the  action  was  re- 
stored to  its  natural  state. 

This  experiment  was  repeated  with  the  same  results  upon 
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a rabbit,  and  in  that  animal  the  par  vagum  was  separated  from 
the  intercostal  nerve,  which  cannot  be  readily  done  in  the  dog; 
and  it  was  found  when  the  par  vagum  alone  was  irritated,  no 
change  took  place  in  the  action  of  the  artery.  The  carotid 
artery  was  chosen  as  the  only  one  in  the  body  of  sufficient 
size  that  can  be  readily  exposed,  to  which  the  nervous  branches 
supplying  it  can  readily  be  traced  from  their  trunk. 

This  experiment  was  repeated  three  different  times,  so  as 
to  leave  no  doubt  respecting  the  result. 

Having  ascertained  by  these  experiments  that  the  increase 
and  diminution  of  the  action  of  an  artery  does  not  depend  upon 
irritability,  but  nervous  influence,  1 made  the  following  expe- 
riments, to  determine  whether  heat  or  cold  had  the  greatest 
effect  in  stimulating  the  nerves  to  action. 

The  wrist  of  one  arm  was  surrounded  by  bladders  filled 
with  ice,  and  after  having  remained  in  that  state  five  minutes, 
the  pulse  was  felt  at  the  same  time  in  that  and  in  the  opposite 
wrist,  and  the  beats  were  found  evidently  strongest  in  the 
cooled  wrist.  This  experiment  was  then  made  with  water 
heated  to  120°  or  130*,  beyond  which  the  heat  could  not  be 
submitted  to,  and  the  pulse  was  found  to  be  softer  and  weaker 
than  that  in  the  other  arm. 

When  one  wrist  was  cooled  and  the  other  heated,  the  stroke 
of  the  pulse  in  the  cooled  arm  had  great  force  beyond  that 
in  the  heated  one. 

t 

These  experiments  were  repeated  upon  several  young  men  v 
at  different  ages,  and  on  several  women,  with  an  uniform  re- 
sult, and  explain  the  glow  produced  by  the  cold  bath,  and  the 
other  beneficial  effects  of  cold  bathing,  in  a more  satisfactory 
manner  than  has  been  hitherto  done. 
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This  influence  of  the  nerves  upon  the  arteries,  throws  con- 
siderable light  upon  some  of  the  most  important  actions  in  the 
animal  economy.  By  its  means  the  same  arteries,  at  different 
times,  allow  very  different  proportions  of  blood  to  pass  through 
them,  and  those  employed  in  furnishing  blood  for  the  secre- 
tions have  the  supplies  regulated,  which  explains  the  use  of 
the  system  of  nerves  with  which  the  blood  vessels  of  the  vis- 
cera are  so  abundantly  furnished. 

The  erection  of  the  penis,  produced  by  a particular  state  of 
mind,  is  one  of  the  effects  of  this  influence  of  the  nerves  upon 
the  arteries,  and  the  stoppage  of  the  secretions  from  the  same 
cause  is  another  of  an  opposite  kind. 

The  ready  supply  of  blood  to  a limb  by  the  small  anasto- 
mosing branches,  when  the  principal  arterial  trunk  is  oblite- 
rated, depends  upon  the  same  cause;  and  the  coagulation  of 
the  blood  in  the  arterial  trunk  leading  to  a mortified  part, 
arises  from  the  nerves  having  previously  lost  their  influence  over 
it.  On  this  dominion  of  the  nerves  over  the  actions  of  arteries 
depends  the  growth  of  the  body,  the  regeneration  of  parts  in 
those  animals  in  which  it  occurs,  as  lizards  and  others,  and 
the  formation  of  tumours  of  all  the  different  kinds.  The  cir- 
culation of  the  blood  is  therefore  no  longer  to  be  considered 
as  wholly  dependent  upon  the  heart  and  the  elasticity  of  the 
arteries,  for  although  by  these  alone  it  can  be  kept  up,  the 
action  of  the  nerves  is  necessary  to  regulate  the  distribution 
of  the  blood  to  the  different  parts  of  the  body,  accordingly  as 
supplies  are  wanted  to  carry  on  the  necessary  operations  of 
the  animal  economy. 
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XXXI.  On  the  Means  of  producing  a double  Distillation  by  the 
same  heat.  By  Smithson  Tennant,  Esq.  F.  R , S. 

Read  June  30,  1814,. 

It  was  first  made  known  by  the  experiments  of  Dr.  Black, 
and  has  since  been  confirmed  by  those  of  Mr.  Watt  and 
other  philosophers,  that  the  quantity  of  heat  required  for  rais- 
ing the  temperature  of  water  from  fifty  degrees  to  that  of  the 
boiling  point,  is  only  about  a sixth  of  that  which  is  afterwards 
required  for  converting  the  boiling  water  into  steam.  As  the 
steam  itself  is  not  hotter  than  the  boiling  water,  the  heat  which 
it  had  absorbed  was  said  by  Dr.  Black  to  be  latent ; being 
merely  employed  in  supporting  the  aerial  state  which  the 
water  had  assumed.  Whenever  this  steam  is  condensed,  the 
heat  which  was  latent  again  reappears,  and  in  such  consider- 
able quantity,  that  it  has  been  found  convenient  for  various 
purposes  to  employ  the  condensation  of  steam  for  heating 
other  bodies. 

But  though  water  may  by  this  means  be  brought  to  the 
boiling  point,  it  can  not  be  raised  above  it,  and  therefore  can- 
not be  converted  into  vapour,  so  as  to  pass  over  by  distillation* 
As  soon  as  the  steam  has  imparted  to  the  water  its  own  tem- 
perature, there  is  no  longer  any  transfer  of  heat,  and  the 
steam  passes  through  the  water  uncondensed. 

If,  on  the  contrary,  the  steam  did  continue  to  condense,  then 
the  water  would  itself  be  converted  into  steam,  and  might  by 
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that  means  be  distilled  over  without  any  additional  fire ; and 
though  this  does  not  take  place  under  the  usual  circumstances, 
yet  it  may  be  effected  in  the  following  manner. 

The  temperature  required  for  converting  any  fluid  into 
vapour  is  dependent  on  the  pressure  of  the  air  upon  its  sur- 
face, and  may  therefore  be  lowered  if  that  pressure  is  dimi- 
nished. If  then  the  weight  of  the  air  was  removed  from  water, 
it  would  rise  into  vapour  below  the  common  boiling  point,  and 
might  therefore  be  distilled  over  by  steam  of  the  usual  heat. 

In  order  to  produce  this  effect,  a vessel  having  a receiver 
connected  with  it  should  be  made  air  tight,  and  the  steam 
made  to  pass  through  the  vessel  along  a worm  or  spiral  tube 
of  metal,  in  the  manner  represented  in  the  annexed  outline. 


The  vacuum  is  now  easily  produced  by  applying  heat  to  the 
vessel  till  the  steam  issues  from  the  opening  in  it,  and  in  the 
receiver,  when  they  are  to  be  immediately  closed,  and  the  heal 
removed. 
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The  water  distilled  over  is  collected  in  the  receiver,  which  is 
kept  cool  for  that  purpose. 

An  apparatus  of  this  kind  I had  constructed  chiefly  for  the 
purpose  of  explaining  the  theory  of  latent  heat,  or  of  the 
capacity  of  bodies  for  heat  in  different  states;  but  it  is  possible 
that  it  may  also  be  of  some  further  practical  utility,  whenever 
it  is  of  consequence  to  economise  the  consumption  of  fuel. 
When  water  is  deficient  on  board  of  ship,  it  has  been  in  some 
degree  supplied  by  distillation  from  the  ship's  boiler,  and  if 
the  steam  from  the  boiler  had  been  made  to  pass  through  the 
apparatus  just  described,  the  quantity  would  be  nearly  doubled. 

By  an  experiment  which  I had  made  some  time  ago,  about 
three  fourths  of  the  quantity  obtained  by  the  first  distillation 
were  added  by  the  second.  But  I believe  a larger  proportion 
may  be  procured  when  the  second  distilling  vessel  is  duly 
coated  with  flannel,  or  some  light  substance,  to  retain  the 
heat. 

Though  salt  water  does  not  boil  at  so  low  a degree  of  heat 
as  fresh  water,  yet  upon  trial  with  sea  water  the  difference 
was  found  to  be  quite  insignificant,  compared  with  that  of  the 
steam  formed  under  the  usual  pressure,  and  in  vacuo;  and  did 
not  sensibly  affect  the  result  of  the  process.  The  only  doubt 
as  to  the  propriety  of  taking  such  a vessel  to  sea,  would  arise 
from  the  degree  of  danger  which  there  is  of  experiencing  a 
want  of  fresh  water.  This  probably.  I apprehend,  is  not  great; 
but  on  the  other  hand,  there  is  the  important  object  of  saving 
the  lives  of  the  people  in  the  ship,  whenever  such  deficiency 
is  experienced. 
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XXXII.  An  Account  of  some  Experiments  on  Animal  Heat.  By 

John  Davy,  M.  D.  F . R . S. 

Read  February  17,  1814. 

Th  e recent  inquiries  of  Mr.  Brodie  have  rendered  question- 
able the  different  prevailing  hypotheses  relative  to  animal 
heat,  and  have  shewn  that  fresh  investigation  is  necessary, 
before  we  can  expect  to  arrive  at  any  accurate  theory. 

In  the  present  uncertain  state  of  our  knowledge,  three  cir- 
cumstances are  particularly  deserving  of  attention,  viz.  the 
relative  capacities  of  venous  and  arterial  blood  for  heat,  their 
comparative  temperatures,  and  the  temperatures  of  different 
parts  of  the  animal  body. 

On  the  first  of  these  subjects,  we  possess  only  the  experi- 
ments of  Dr.  Crawford,  which  I believe  have  not  yet  been 
repeated,  notwithstanding  they  form  the  basis  of  his  hypo- 
thesis. 

On  the  second,  little  inquiry  has  been  made,  and  especially 
of  late  years,  since  the  improvement  of  the  thermometer. 

And  on  the  third,  the  observations  that  have  been  collected 
are  very  few  in  number,  and  with  the  exception  of  those  of 
Messrs.  Hunter  and  Carlisle,  are  scarcely,  perhaps,  de- 
serving of  confidence. 

Such  were  the  inducements  that  led  me  to  the  consideration 
of  each  of  these  subjects  apart,  and  to  endeavour  to  acquire  by 
experiment,  some  more  certain  knowledge  respecting  them. 


Dr.  Davy's  Account , &c. 


59 1 


The  experiments  that  I have  made,  will  be  described  in  the 
two  following  sections,  and  in  the  last  will  be  offered  the  few 
remarks  and  conclusions  which  naturally  arise,  and  are  fairly 
deducible  from  the  results. 

1 . On  the  capacities  of  venous  and  arterial  Blood  for  Heat. 

I must  premise,  that  my  object  has  been  to  endeavour  to 
ascertain  the  relative  capacities  of  venous  and  arterial  blood 
for  heat,  rather  than  their  exact  specific  caloric.  * The  latter, 
from  many  circumstances,  is  difficult  to  be  accomplished ; 
whilst  the  former  is  comparatively  easy,  and  in  a theoretical 
point  of  view  is  probably  equally  useful. 

I have  employed  both  the  methods  commonly  used.  I shall 
mention  most  of  the  experiments  that  I have  made,  without 
noticing  the  repetitions  of  them,  and  shall  begin  with  those  on 
the  times  of  cooling  of  equal  volumes  of  venous  and  arterial 
blood. 

The  blood  used  was  from  the  jugular  vein  and  the  carotid 
artery  of  a lamb,  about  four  months  old.  It  was  received  in 
bottles,  and  to  remove  the  fibrin,  which  is  a great  impediment 
in  experiments  of  this  kind,  it  was  immediately  stirred  with  a 
wooden  rod.  In  respect  to  colour,  the  difference  between  the 
venous  and  arterial  blood  was  not  so  great  as  in  the  sheep's, 
and  this  in  a great  variety  of  instances  I have  always  observed, 
the  venous  being  of  a less  dark  hue.  The  specific  gravity  of 
the  venous  blood,  without  the  fibrin,  was  found  to  be  1050, 
and  that  of  the  arterial  1047. 

A glass  bottle  equal  in  capacity  to  2518  grains  of  water, 
and  weighing  1332  grains,  was  filled  respectively  with  water 
and  venous  and  arterial  blood  of  the  temperature  of  the  room 
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62,  about  four  hours  after  the  blood  had  been  drawn,  during 
which  time  each  bottle  had  been  closely  corked.  A delicate 
thermometer,  by  means  of  a perforated  cork,  was  placed  in  the 
middle  of  the  liquid.  The  botlle  was  then  plunged  into  water 
of  the  temperature  140  Fahrenheit,  and  when  the  mercury 
had  risen  to  120,  the  bottle  was  quickly  wiped  and  suspended 
in  the  middle  of  the  room,  and  the  progress  of  cooling  was 
noticed  every  five  minutes,  till  the  thermometer  had  fallen  to 
80.  The  following  were  the  general  results  obtained. 

Water  cooled  from  120  to  80  in  91  minutes 
Arterial  blood  in  - 89 

Venous  blood  in  88 

Considering  therefore  the  capacity  of  water  for  heat  to  be  de- 
noted by  1000,  neglecting  the  effect  of  the  glass  bottle  pro- 
ducing a difference  only  of  about  half  a minute,  and  the  same 
in  each  instance,  and  dividing  the  times  of  cooling  by  the  spe- 
cific gravity,  the  relative  capacities  of  venous  and  arterial  blood 
without  fibrin,  appear  to  be  as  .92  1 and  .934. 

In  the  following  experiments  the  same  kind  of  blood  and 
the  same  quantity  was  used  as  in  the  preceding.  The  mix- 
tures were  made  in  a very  thin  glass  receiver  containing  a 
elicate  thermometer.  The  temperature  of  the  room  was  66. 

Hot  water  temperature  121  ; Cold  water  6 1.  Mixture  of 
the  two  90,  after  two  minutes  89,  after  three  88,  and  after 
eight  87. 

Venous  blood  121.  Water  (>2.5.  Mixture  89;  after  three 
minutes  88  5;  after  seven  87. 

Arterial  blood  121.  Water  63.5.  Mixture  89.5;  after  three 
minutes  88.5,  and  after  seven  87. 

Now,  allowing  about  one  degree  of  the  cooling  effect  to 
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have  been  produced  by  the  receiver  indicated  by  the  admix- 
ture of  the  hot  and  cold  water,  calculating  the  quantity  of 
blood  used  from  the  knowledge  of  its  volume  and  specific 
gravity,  employing  the  formula  given  by  Professor  Robison, 
which  consists  in  multiplying  respectively  the  weight  of  the  water 
and  the  blood  by  the  change  of  temperature,  and  dividing  the 
first  product  by  the  second,  the  quotient  or  specific  caloric  for 
venous  blood  appears  to  be  as  .812,  and  for  arterial  as  .814, 
results  very  similar  to  those  I have  obtained  with  the  blood 
of  the  sheep. 

In  the  remaining  experiments,  blood  with  the  fibrin  present 
was  employed,  and  with  this  exception  they  were  perfectly 
similar  to  those  already  described. 

The  blood  used  to  ascertain  its  time  of  cooling,  was  ob- 
tained from  a sheep;  and  one  day  the  vein  was  opened,  and 
on  the  next  the  artery.  The  capacity  of  the  bottle  employed 
exceeded  that  of  the  first  by  one  ounce  measure  of  water;  but 
it  was  equally  thin.  The  air  of  the  room  was  of  temperature  6g. 
Water  cooled  from  120  to  80  in  118  minutes 
Venous  blood  in  - 112 

Arterial  blood  in  1 13 

And  hence,  as  the  latter  was  of  specific  gravity  1049,  its  capa- 
city for  heat  seems  to  be  as  .9 13,  and  as  the  former  was  of 
specific  gravity  1051,  its  capacity  appears  to  be  .903. 

In  the  following  experiment,  equal  volumes  of  fluid  blood 
and  of  water  were  used  ; which  was  easily  accomplished  by 
means  of  a thin  bottle  with  a large  mouth,  to  which  a cork 
was  adapted,  with  a perforation  more  than  sufficiently  large 
to  admit  the  bulb  of  a very  delicate  thermometer,  and  of  course 
to  allow,  when  the  bottle  was  filled  to  the  brim,  the  excess  to 
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flow  out  on  the  introduction  of  the  cork,  which  was  always 
similarly  placed.  To  retard  the  process  of  cooling,  the 
bottle  was  closely  surrounded  by  a thick  layer  of  what  is 
commonly  called  cotton-wool.  Its  capacity  was  equal  to  five 
ounce  measures  of  water,  or  2400  grains.  It  was  first  filled 
with  cold  water,  which,  when  its  temperature  had  been  ascer- 
tained, was  thrown  into  the  receiver  before  used;  it  was  next 
filled  with  hot  water  of  temperature  about  110,  so  that  the 
heat  of  the  glass  might  be  nearly  the  same  as  that  of  the 
blood ; and  lastly,  when  the  vein  or  artery  had  been  opened, 
the  bottle  was  immediately  emptied  and  filled  with  blood,  the 
temperature  of  which  was  ascertained  by  the  thermometer  in 
less  than  a quarter  of  a minute.  The  mixture  now  was  in- 
stantly made,  and  by  the  same  thermometer  the  highest  tem- 
perature after  mixture  was  discovered. 

The  four  following  trials  were  made  on  the  blood  of  two 
lambs,  both  about  five  months  old.  The  temperature  of  the 
air  was  60. 

Cold  water  57.5.  Venous  blood  100.  Mixture  80;  after  one 
minute  78.5. 

Water  58.  Arterial  blood  103.  Mixture  80;  after  one 
minute  7 9. 

Water  58.  Venous  blood  101.5.  Mixture  79 ; after  one 
minute  78.25. 

Water  58.  Arterial  blood  106.5.  Mixture  81 ; after  one 
minute  80. 

The  rate  of  cooling  was  not  noticed  after  the  first  minute 
had  elapsed,  as  the  blood  then  generally  began  to  coagulate. 
The  specific  gravity  was  only  ascertained  in  the  two  last  trials; 
that  of  the  venous  blood  was  found  to  be  1050,  and  that  of  the 
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arterial  1049 ; and  hence  allowing,  as  before,  one  degree  of  the 
cooling  effect  to  be  produced  by  the  receiver,  the  capacity  of 
venous  blood  for  heat  appears  to  be  .852,  and  that  of  arterial 
blood  .839. 

It  is  evident  that  these  trials  admit  of  less  accuracy  than  the 
preceding ; and  much  more  confidence,  it  appears  to  me,  is 
due  to  the  third  series  of  experiments,  so  that  if  required,  I 
should  be  inclined  to  give  the  numbers  thence  deduced,  as  the 
greatest  approximation  to  the  truth.  • 

2.  On  the  comparative  temperatures  of  venous  and  arterial  Blood , 
and  of  different  parts  of  the  animal  body. 

To  endeavour  to  ascertain  the  comparative  temperature  of 
venous  and  arterial  blood,  I have  made  a considerable  number 
of  experiments  ; some  of  which  on  lambs,  sheep,  and  oxen,  it 
will  be  sufficient  for  me  in  this  place  to  describe.  In  each  in- 
stance, a long  incision  was  made  through  the  integuments ; 
the  jugular  vein  was  laid  bare,  and  the  exact  seat  of  the  carotid 
artery  found.  The  vein  was  then  opened,  and  a small  delicate 
thermometer  introduced,  and  thrust  about  an  inch  up  the 
vessel  beyond  the  wounded  part,  and  as  the  bulb  of  the  in- 
strument was  small,  the  flow  of  blood  was  not  stopped.  When 
the  mercury  was  stationary,  its  height  was  marked.  The 
carotid  artery  next  was  divided,  and  the  thermometer  was 
immersed  in  the  current  of  blood,  and  left  there  till  it  ceased 
to  rise. 

The  following  are  the  results  of  five  experiments  made  on 
lambs,  all  of  which  were  about  three  months  old.  The  ther- 
mometer in  the  shade  stood  at  65. 
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l.  Venous  blood  102.5  Arterial  blood  104 


2. 

3- 
4 .• 
5- 


104 

103.5 

104 


105 

105 

105 

105. 


The  following  results  were  obtained  from  three  experi- 
ments on  sheep,  whose  exact  age  I could  not  ascertain.  The 
thermometer  in  the  shade  was  60. 

1.  Venous  blood  103.5  Arterial  blood  104.5 

2.  102.5 104 

3.  103 104. 

The  experiments  on  oxen  were  only  two  in  number.  The 
temperature  of  the  air  was  64. 

1.  Venous  blood  100  Arterial  blood  101.5 

2.  100  101. 

In  both  instances  the  oxen  were  knocked  down  before  the 
vessels  were  opened  ; and  as  respiration  had  ceased  in  conse- 
quence of  the  injury  of  the  brain  and  spinal  cord,  no  difference 
of  colour,  of  course,  was  perceptible  between  the  blood  from 
the  jugular  vein  and  that  from  the  carotid  artery. 

These  results,  so  different  from  what  might  have  been  ex- 
pected, from  the  observations  of  Messrs.  Coleman  and  Cooper 
on  the  temperature  of  the  two  sides  of  the  heart,  led  me  to 
repeat  their  experiments.  The  experiments  in  which  I place 
most  confidence  were  made  on  lambs,  about  four  months  old, 
and  to  these  I shall  confine  myself  at  present.  In  each  in- 
stance the  animal  was  killed  by  the  division  of  the  great  ves- 
sels of  the  neck  ; an  opening  was  made  immediately  into  the 
thorax,  and  a very  delicate  thermometer  was  introduced  into 
the  ventricles  of  the  heart  by  means  of  a small  incision.  The 
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operation  occupied  so  short  a space  of  time,  that  in  three  in- 


stances  the  right  auricle  had  not  ceased 

contracting. 

1.  Venous  blood 

104 

Arterial 

105-5 

Rectum  - 

- 104 

Right  ventricle 

105.5 

Left 

106 

2.  Rectum 

i°5 

Right  ventricle 

105 

Left 

106 

3.  Rectum 

105 

Right  ventricle  - 

- 105-5 

Left 

106.5 

4.  Rectum 

105 

Right  ventricle  . 

ic6 

Left 

- 107. 

I cannot  well  explain  the  difference  which  exists  between 
the  results  of  the  preceding  experiments,  and  those  of  Messrs. 
Coleman  and  Cooper,  which  are  directly  opposite.  Can  the 
mode  in  which  the  animals  they  experimented  on  were  put 
to  death,  be  the  cause  of  the  want  of  agreement  ? In  death  by 
asphyxia,  there  is  generally  an  accumulation  of  blood  in  the 
right  ventricle,  and  in  many  instances  I have  observed,  when 
the  right  ventricle  has  been  distended  with  blood,  little  differ- 
ence of  temperature  between  the  two  sides  of  the  heart. 

To  describe  all  the  experiments  that  I have  made  to  ascer- 
tain the  temperature  of  different  parts  of  the  animal  body, 
would  extend  this  paper  to  an  unusual  length,  and  there  is 
the  less  occasion  for  a long  description,  as  the  comparative 
results  were  very  similar.  It  will  be  sufficient  therefore  here 
mdcccxiv.  4 H 
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to  notice  the  observations  made  on  the  human  body,  and  on 
that  of  a lamb. 

That  the  thermometer  might  be  equally  applied  to  all  parts 
of  the  surface,  its  bulb,  in  form  nearly  cylindrical,  was  fixed  to 
a small  piece  of  cork,  hollowed  and  lined  with  fine  wool,  and 
thus  half  its  superficies  was  applied  in  each  instance.  The 
observations  were  made  on  the  naked  body  at  seven  A.  M. 
immediately  after  quitting  bed.  The  temperature  of  the  air 
of  the  room  was  70.  The  following  were  the  results  ob- 


tained. 

At  the  central  part  of  the  sole  of  the  foot  - 90 

Between  the  malleolus  internus  and  the  insertion  of 
the  tendo  Achillis,  where  the  artery  is  felt  - 93 

Over  the  middle  of  the  tibia  - - 91.5 

On  the  middle  of  the  calf  93 

Over  the  popliteal  artery  at  the  bend  of  the  knee  - 95 
Over  the  femoral  artery  in  the  middle  of  the  thigh  94 
Over  the  middle  of  the  rectus  muscle  - - 91 

Over  the  great  vessels  in  the  groin  - - 96.5 

About  a quarter  of  an  inch  below  the  umbilicus  95 
Over  the  sixth  rib  on  the  left  side  where  the  heart  is 
felt  pulsating  - - - "94? 

Over  the  same  place  in  the  right  93 

Under  the  axilla,  the  whole  surface  of  the  bulb  being 
applied  98 


About  an  hour  had  now  elapsed  from  the  commencement 
of  the  experiment.  The  thermometer  again  applied  to  the 
sole  of  the  foot,  rose  no  higher  than  85,  five  degrees  less  than 
at  first.  A disagreeable  sensation  of  cold  was  experienced, 
and  particularly  in  those  parts  not  supplied  with  large  vessels. 
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and  out  of  the  course  of  the  great  arteries.  The  body  remained 
unpleasantly  chilly  till  breakfast  had  been  taken,  and  then  a 
slight  degree  of  pyrexia  was  perceived  ; the  heat  of  surface 
being  increased,  the  pulse  quickened,  and  the  mouth  slightly 
parched.  After  breakfast,  the  thermometer  was  applied  to 
both  hypochondriac  regions,  and  the  left  was  found  one  degree 
higher  than  the  right. 

To  ascertain  the  temperature  of  different  parts  of  the  sur- 
face beneath  the  integuments,  the  bulb  of  a thermometer  was 
introduced  through  small  incisions  about  half  an  inch  between 
the  skin  and  subjacent  parts  of  a lamb  just  dead.  The  heat  of 
the  rectum  was  first  ascertained,  as  a means  of  marking  the 
rate  of  cooling,  and  the  different  parts  were  then  tried  in  the 


following  order. 

Venous  blood  in  the  jugular  vein  - 105.5 

Arterial  blood  from  the  carotid  artery  - 107 

Rectum  - 105.5 

Over  the  metatarsal  bone  - -97 

Over  the  tarsal  bone  - 90 

Over  the  knee  joint  - 102 

About  the  head,  of  the  thigh  - - 103 

At  the  groin  - 104. 


Nearly  a quarter  of  an  hour  had  been  occupied  in  making 
these  observations,  and  the  temperature  of  the  rectum  was 
now  found  to  be  105.  The  three  great  cavities  were  next 


opened  in  the  order  enumerated. 

Near  the  lower  part  of  the  liver  - - 10 6 

The  substance  of  the  liver  - - 106.5 

The  substance  of  the  lung  - 106.5 

The  left  ventricle  - 107 
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The  right  ventricle  - - - - 106 

The  central  substance  of  the  brain  - - 104 

Rectum  -----  104.5. 

Surprised  at  the  temperature  of  the  brain  being  lower  than 
that  of  the  rectum,  I was  led  to  repeat  the  experiment.  It  may 
be  proper  to  notice  a few  of  the  results,  as  it  is  a curious  cir- 
cumstance which  they  confirm.  The  four  experiments  I shall 
mention  were  made  on  lambs.  As  soon  as  the  animal  was 
dead,  the  cranium  was  perforated  and  a delicate  thermometer 
introduced  into  the  central  part  of  the  brain. 

1.  Brain  104  Rectum  104.75 

2.  Brain  104.75  Rectum  105.5 

3.  Brain  105.5  Rectum  106.5 

4.  Posterior  part  of  the  brain  105.5;  anterior  103. 
Rectum  106.5. 

The  temperature  of  the  air  at  the  time  was  68.  Different 
parts  of  the  brain  were  found  to  vary  considerably  in  temper- 
ature ; the  anterior,  as  already  noticed,  being  lower  than  the 
posterior,  and  the  superficial  than  the  deep  seated  parts. 

3.  Remarks  and  Conclusions. 

That  there  is  no  material  difference  between  venous  and 
arterial  blood  in  respect  to  specific  caloric,  excepting  what 
arises  from  difference  of  specific  gravity ; that  the  tempera- 
ture of  arterial  blood  is  higher  than  that  of  venous ; and  the 
temperature  of  the  left  side  of  the  heart,  than  that  of  the  right; 
and  lastly,  that  the  temperature  of  parts  diminishes  as  the  dis- 
tance of  the  parts  from  the  heart  increases — are  the  general 
results  of  the  preceding  experiments. 

Admitting  the  accuracy  of  these  experiments,  and  I think 


on  Animal  Heat.  601 

that  they  will  be  found  correct  when  repeated,  what  are  their 
consequences  in  a theoretical  point  of  view? 

They  are  evidently  in  direct  opposition  to  Dr.  Crawford's 
hypothesis ; the  essence  of  which  is,  that  the  capacity  of  ar- 
terial blood  for  heat  is  greater  than  that  of  venous,  that  there 
is  no  difference  of  temperature  between  the  two  ventricles  of 

the  heart,  and  in  fact  that  the  heat  of  all  parts  is  nearly  the 

* 

same. 

They  are  more  agreeable  to,  and  indeed  they  even  support 
the  hypothesis  of  Dr.  Black,  that  animal  heat  is  produced  in 
the  lungs,  and  distributed  over  the  whole  system  by  means  of 
the  arterial  blood. 

Neither  are  they  inconsistent  with  that  hypothesis  which 
considers  the  production  of  animal  heat  as  dependent  on  the 
energy  of  the  nervous  system,  and  arising  from  all  the  vital 
actions  constantly  occurring. 

Besides  the  results  of  the  preceding  experiments,  many  ar- 
guments may  be  advanced  in  opposition  to  Dr.  Crawford's 
hypothesis. 

As  we  never  perceive  a difference  of  capacity  in  bodies 
without  a difference  of  form  or  composition  ; and  as  very 
slight  differences  of  the  former  result  only  from  great  changes 
of  the  latter,  it  might  be  expected  a priori , as  no  difference, 
excepting  that  of  colour,  has  been  detected  between  venous 
and  arterial  blood,  that  their  specific  caloric  would  be  very 
similar.  From  analogy  also,  it  might  have  been  expected,  that 
the  capacity  of  arterial  blood  for  heat  would  be  much  less  than 
that  of  water,  as  Water  appears  to  exceed  almost  every  other 
fluid,  and  as  the  capacity  appears  to  diminish  as  the  inflamma- 
bility of  compounds  increases.  But  the  strongest  arguments 
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against  this  hypothesis  are  to  be  derived  from  the  recent  ex- 
periments of  Mr.  Brodie,  and  those  of  M.  M.  Delaroche 
and  Berard. 

Dr.  Black’s  hypothesis  appears  to  me  far  more  satisfactory 
than  Dr.  Crawford’s,  and  capable  of  explaining  a much 
greater  number  of  phenomena;  but  there  are  objections  even 
to  this  hypothesis  which  must  be  removed,  before  it  can  with 
propriety  be  received. 

The  last  hypothesis,  which  I mentioned,  that  which  refers 
animal  heat  to  vital  action,  has  many  facts  in  its  support,  and 
especially  the  results  of  Mr.  Brodie’s  curious  and  interesting 
experiments;  and  the  results  of  my  inquiry,  as  I have  already 
observed,  are  not  incompatible  with  it.  It  may  be  said,  that  the 
viscera  of  the  thorax  and  abdomen  are  of  highest  temperature, 
because  these  parts  are,  as  it  were,  the  elaboratories  of  life ; and 
that  the  heat  of  the  arterial  blood,  and  of  the  parts  best  sup- 
plied with  this  fluid,  is  greatest,  because  they  lie  deepest  and 
abound  most  in  the  principle  of  life  or  vital  action.  This  ex- 
planation was  suggested  to  me  by  my  brother  Sir  H.  Davy. 
There  are  some  facts  which  I have  observed  agreeable  to  it, 
but  not  more  so  than  to  the  hypothesis  of  Dr.  Black.  I have 
found  the  stomach  of  the  ox,  the  pyloric  compartment,  of  a 
higher  temperature  than  the  left  ventricle  itself ; thus  when 
the  latter  immediately  after  death  was  103,  the  former  full  of 
food  was  104.5.  I have  also  found  the  temperature  of  young 
animals,  in  whom  all  the  vital  actions  are  most  energetic, 
higher  than  that  of  animals  arrived  at  maturity.  I may  men- 
tion here,  in  illustration  of  this  statement,  a few  observations 
made  on  infants,  as  I am  not  acquainted  with  any  yet  pub- 
lished. In  one  instance  I found  the  heat  under  the  axilla  of 
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a child  just  born  98.5;  after  twelve  hours  99,  and  after  three 
days,  the  same ; during  the  whole  of  which  time  it  appeared 
in  perfect  health.  On  five  other  children  of  the  same  age, 
similar  observations  were  made.  In  two  instances  of  weak 
infants,  the  temperature,  one  hour  after  birth,  was  found  not 
to  exceed  96,  which  is  two  degrees  below  the  standard  heat 
of  man  in  a state  of  health  ; but  their  respiration  was  still  lan- 
guid, and  the  next  day  the  heat  of  the  axilla  had  risen  in  one 
to  98.5,  and  in  the  other  to  99 .* 

To  conclude,  as  in  each  hypothesis  examined,  difficulties 
are  found  to  exist  from  facts  or  the  results  of  experiments  of 
an  unbending  nature,  we  must  at  present  either  suspend  theory 
altogether  and  search  for  expenmenta  crucis , or  adopt  that 
hypothesis  which  is  conformable  to  the  greater  number  of  facts. 
The  first  measure  is  certainly  most  philosophical ; but  to  the 
latter  we  are  naturally  most  inclined,  and  if  I were  questioned 
which  view  is  preferable,  I should  make  no  hesitation  in  se- 
lecting Dr.  Black’s,  which  to  me  appears  both  most  simple 
and  most  satisfactory. 

* The  opinion  of  Haller,  I am  well  aware,  is  contrary  to  these  results,  as  is 
expressed  in  the  following  paragraph:  «*  Viri  feminis  calidiores  duriori  nempe  sunt 
“ fabrica,  contra  pueri  aliquanto  minus  calent  quam  adulti  homines,  ut  modo  natus 
« puer  vix  calorem  conservet,  nisi  sollicite  et  copiose  vestibus  textis.” — Elem.  Phys. 
ii.  p.  297.  As  this  great  physiologist  seems  to  have  drawn  his  interence  merely  from 
the  circumstances  mentioned,  it  can  have  little  force,  except  from  the  authority  of  the 
author;  to  which  may  be  opposed  an  equal  authority,  not  less  than  tha  of  Hippo- 
crates himself:  he  says,  in  his  fourteenth  aphorism,  “ Quse  crescunt  plurimum 
“ habent  calidi  innati : senibus  autem  paucus  calor.” 


ADDITIONS  AND  CORRECTIONS. 


• // 
Page  135,  last  line  but  two,  for  a —,  read  <7  . — 

ar  dr 

dy  dy° 

one,  for  a — , a-  — 

d*  dz° 

■ — , for  a — , read  cr  — — 

^ dr  dr 


141,  line  1, /or  a-'/)0  cos.  x°  sin.  (c0— «),  read  c/'p®  cos.  A®  sin.  (c°— «) 

IS>»- 


(rW»)4  , (r*_r'a)a 

1, /or  , rr<zd 


(r-f  r,a)  ' (r-|_r')5 

180,  ——9 ,/or  a-"p"  cos.  x°  sin.  (c® — n),  r^ad  </p°  cos.  A®  sin.  (c°— «) 
399,  line  11,  for  perfectly,  read  perfectly  flat 

1 8,  for  S,  read  S' 

22,  for  s,  read  s',  and  for  rs,  read  rs' 


— 402,  table,  col.  3 ,for  40  37',  read  30  37' 

— 403,  line  12,  for  Ms'N£,  read  Ms'Ni' 

— 487, 3,  at  the  word  iodine,  add  the  following  note:  I am  obliged  to 

M.  Courtois  for  the  iodine  employed  in  these  experiments,  who , with  great 
liberality,  furnished  me  with  a considerable  quantity. 
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